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TO  SIR  JOM  FGEDEKICK  WILLIAM  HERSCHEL, 


icate  tl 
which 
theori; 
Univer 

course 
finding 
thotigh 

have  hoped  that  my  own  aim  was  so  far  similar  fo  yours,  that  the 
present  work  mig-ht  have  a  chance  of  exciting  an  interest  in  some  of 
your  readers.     That  it  will  interest  you,  I  do  not  at  all  hesitate  to  he- 

If  you  were  now  in  England  I  should  stop  here  but  who  i  <i  f  i  u  I 
is  removed  for  years  to  a  far  distant  land,  we  wieni  to  acquire  a  right 
to  spoak  openly  of  his  good  qualities.  I  cannot,  tliereture  prevail 
upon  myself  to  lay  down  my  pen  without  aJludmg  to  the  iffeeti^nate 
admiration  of  your  moral  and  social,  as  well  as  intellectual  cxcellenues 
which  springs  up  in  the  hearts  of  your  trends  whencvei  jcu  arc 
thought  of.  They  arc  much  delighted  to  lo  k  uj.on  the  halo  tt  de 
served  fame  which  plays  round  your  head  ;  bit  sliJI  n   re  to  le  olle  t 
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6  DEDICATION. 

aa  one  of  them  said,  tlisit  your  head  is  far  from  being  the  best  part 
about  you. 

May  your  sojourn  in  the  southern  hemisphere  be  sis  happy  and  suc- 
cessful as  its  object  is  noble  and  worthy  of  yon  ;  and  may  jout  return 
home  be  speedy  and  prosperous,  as  soon  as  your  purpose  is  attained. 
Ever,  my  dear  Hersehel,  yours, 

W.  WlIEWELL. 
Maroli  22,  lEST. 

P.  S.  So  I  wrote  nearly  ten  years  ago,  when  you  were  at  the  Cape 
of  Good  Hope,  employed  in  your  great  task  of  making  a  complete 
standard  survey  of  the  nebulre  and  double  stMs  visible  to  man,  Now 
tJiat  you  are,  aa  I  trust,  in  a  few  weeks  about  to  put  the  crowniug 
stone  upon  your  edifice  by  the  publication  of  your  "  Observations  in 
the  Southern  Hemisphere,"  I  cannot  refrain  from  congratulating  you 
upon  having  had  your  life  ennobled  by  the  conception  and  happy  exe- 
cution of  so  great  a  design,  and. once  more  offering  you  my  wishes 
that  you  may  long  enjoy  the  glory  you  have  so  well  won. 

W.  W. 

Tkinity  Colleoe,  Nov.  33, 184(3. 
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PREFACE 

TO    THE    THIBD    EDITION. 


TN  tlie  Prefaces  to  the  preyioue  Editions  of  thia  work,  sev- 
eral remarks  were  made  whicli  it  is  not  necessary  now  to 
repeat  to  the  samo  extent.  That  a  History  of  tlie  Sciences, 
execTited  as  this  is,  has  some  value  in  the  eyes  of  the  Public, 
is  sufficiently  proved  by  the  circulation  which  it  has  ob- 
tained. I  am  still  able  to  say  that  I  have  seen  no  objection 
urged  against  the  plan  of  the  work,  and  scarcely  any  against 
the  details.  The  attempt  to  throw  tho  history  of  each  sci- 
ence into  Epochs  at  which  some  great  and  cardinal  diseoveiy 
was  made,  and  to  aiTange  the  subordinate  events  of  each 
history  as  belonging  to  the  Preludes  and  the  Sequels  of 
Buch  Epochs,  appears  to  bo  assented  to,  as  conveniently  and 
fairly  exhibiting  the  progress  of  scientific  truth.  Such  a 
view  being  assumed,  as  it  was  a  constant  light  and  guide  to 
the  writer  in  hie  task,  so  will  it  also,  I  think,  make  the  view 
of  the  reader  far  more  clear  and  comprehensive  than  it  could 
otherwise  be.  "With  regai'd  to  the  manner  in  which  this 
plan  has  been  carried  into  effect  with  reference  to  pai-ticular 
writers  and  their  researches,  as  I  have  said,  I  have  seen 
scarcely  any  objection  made.  I  was  aware,  as  I  stated  at 
the  outset,  of  the  difficulty  and  delicacy  of  the  office  which  I 
had  undertaken ;  but  I  had  various  considerations  to  en- 
coiirage  me  to  go  tlirongh  it ;  and  I  had  a  trust,  which  I 
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Tiave  as  yet  seen  nothing  to  distui'b,  that  I  should  be  able  to 
epeab  impartially  of  the  great  scientific  men  of  all  ages,  even 
of  our  own, 

I  have  already  said,  in  the  lutrodnetion,  that  the  work 
aimed  at  being,  not  merely  a  narration  of  the  facts  in  the 
history  of  Science,  but  a  basis  for  the  Philosophy  of  Science. 
It  seemed  to  me  that  our  study  of  the  modes  of  discovering 
tmth  ought  to  be  based  upon  a  sui'vey  of  the  truths  which 
have  been  discovered.  This  maxim,  bo  stated,  seems  suffi- 
ciently self-evident ;  yet  it  has,  even  up  to  the  present  time, 
been  very  rarely  acted  on.  Those  who  discourse  concerning 
the  nature  of  Tnith  and  the  mode  of  its  discovery,  stiU,  com- 
monly, make  for  themselves  examples  of  truths,  which  for 
the  most  part  are  utterly  frivolous  and  unsubstantial  (as  in 
most  Treatises  on  Logic) ;  or  else  they  dig  up,  over  and  over, 
the  narrow  and  speciail  field  of  matliematical  truth,  which 
certainly  cannot,  of  itself,  exemplify  the  general  mode  by 
which  man  has  attained  to  the  vast  body  of  certain  truth 
which  he  now  possesses. 

Tet  it  must  not  be  denied  that  the  Ideas  which  form  the 
basis  of  Matliematical  Truth  are  concerned  in  tlie  formation 
of  Scientific  Truth  in  general ;  and  discussions  concerning 
these  Ideas  are  by  no  means  necessarily  barren  of  advantage. 
But  it  must  be  borne  in  mind  that,  besides  these  Ideas,  there 
ai-e  also  others,  which  no  less  lie  at  the  root  of  Scientific 
Trutli;  and  concerning  which  there  have  been,  at  various 
periods,  discussions  which  have  had  an  impoiiant  bearing  on 
the  progress  of  Scientific  Ti-uth ;— such  as  discussions  con- 
cernmg  the  nature  and  necessai-y  atfciibutes  of  Matter,  of 
Force,  of  Atoms,  of  Mediums,  of  Kinds,  of  Organization. 
Tlie  controversies  which  have  taken  place  conceniing  tliose 
have  an  important  place  in  the  history  of  Natural  Science  in 
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PREFACE. 


ite  most  extended  sense.  Yet  it  appeared  convenient  to  cai-- 
ly  on  the  history  of  Science;  so  far  as  it  depends  on  Observa- 
tion, in  a  lino  septate  from  these  discussions  concerning 
Ideas.  The  account  of  these  discussions  and  the  consequent 
controversies,  therefore,  though  it  be  thoroughly  historical, 
and,  as  appeai-a  to  me,  a  very  corioua  and  interesting  histoiy, 
is  resei-ved  for  the  other  work,  the  PhMoso;ph/y  of  the  Indue- 
time  Sciences.  Such  a  history  has,  in  truth,  its  natural  place 
in  the  Philosophy  of  Science ;  for  the  Philoeophy  of  Science 
at  the  present  day  must  contain  the  result  and  summing  up 
of  all  the  truth  which  has  been  disentangled  from  error  and 
confusion  during  these  past  controversies. 

I  have  made  a  few  Additions  to  the  present  Edition ; 
partly,  witli  a  view  of  bringing  up  the  history,  at  least  of 
some  of  the  Sciences,  to  the  present  time, — so  far  as  those 
lai'ger  features  of  the  History  of  Science  are  concerned,  with 
which  alone  I  have  here  to  deal, — and  partly  also,  especially 
in  the  !First  Yolume,  in  order  to  rectify  aud  enlai'ge  some  of 
the  earlier  portions  of  the  history.  Several  works  which 
have  recently  appeared  suggested  reconsideration  of  various 
points;  and  I  hoped  that  my  readers  might  be  interested  in 
the  reflections  so  suggested. 

I  will  add  a  few  sentences  from  the  Preface  to  the  Pirst 
Edition. 

"  As  will  easily  be  supposed,  I  have  borrowed  largely 
from  other  writers,  both  of  the  histories  of  special  sciences 
and  of  philosophy  in  general.^     I  have  done  this  without 


'  Among  theaa,  I  may  menljoii  as  works  to  which  I  have  peculiar  obligHtions, 
Teanemann'a  Gesehiohte  der  Philosophie ;  DegBraado's  HisKdro  Compaf^e  des  Sjs- 
tfimes  d©  Philosophie;  Montuola's  Histoire  des  MatMmatiques,  witli  Delnlanda'H 
coiifiaualjon  of  it ;  Delambre's  ABtronomie  Anoienne,  Aatrononiie  dii  Mojen  Agii, 
AeWonomie  Modemo,  and  AEtronomie  du  Dis-fiuitifime  Si^de ;  Baillj'a  Histoiro 
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scruple,  since  the  novelty  of  my  work  was  intended  to  con- 
sist, not  in  its  superiority  as  a  collection  of  fiicts,  but  in  the 
point  of  view  in  which  the  facta  were  placed.  I  have,  how- 
ever, in  all  cases,  given  references  to  my  authorities,  and 
there  are  very  few  instances  in  which  I  have  not  verified  the 
references  of  previous  historians,  and  studied  the  original  an- 
thers. Aceoi-ding  to  tlie  plan  which  I  have  pursued,  the  his- 
tory of  each  science  forms  a  whole  in  itself,  divided  into  dis- 
tinct but  connected  members,  by  the  Epochs  of  its  successive 
advances.  If  I  have  satisfied  the  competent  judges  in  each 
science  by  my  selection  of  such  epochs,  the  scheme  of  the 
work  must  be  of  permanent  value,  however  imperfect  may 
be  the  execution  of  any  of  its  portions. 

"With  all  these  grounds  of  hope,  it  is  still  impossible  not 
to  see  that  such  an  undertaking  is,  in  no  small  degree,  ardu- 
ous, and  its  event  obscure.  But  all  who  venttu'e  upon  such 
tasks  must  gather  trust  and  encouragement  from  reflections 
like  those  by  which  their  great  forerunner  prepared  himself 
for  his  endeavors ; — ^by  recollecting  that  they  are  aiming  to 
advance  the  best  interests  and  privileges  of  man ;  and  that 
they  may  expect  all  the  best  and  wisest  of  men  to  join  them 
in  their  aspirations  and  to  aid  them  in  then'  labors. 

"  '  Concerning  oiu'solvcs  we  speak  not ;  but  as  touching 
the  matter  which  we  have  in  hand,  this  we  ask ;— that  men 
deem  it  not  to  bo  tho  setting  up  of  an  Opinion,  but  the  per- 
forming of  a  Work ;  and  that  they  receive  this  as  a  certain- 
ty-^that  wo  are  not  laying  the  foundations  of  any  sect  or 
doctrine,  but  of  the  profit  and  dignity  of  mankind : — ^Fur- 

d'Aatrooomio  {putlialifld  as  a  sontinnatioo  of  BaiJlj),  Kseher's  BeschichW  der 
Phyeifc,  Graelin'sGesohiolitedarCliemie,  Thomaon'aHisWryof  Ciiemiairj,  Spreu- 
get'B  History  of  Medicine,  his  History  of  Botaay,  and  in  all  tranohas  of  Nalnrai 
History  aad  Physiology,  Cnvier's  works ;  ia  their  hiatoricnl,  nu  in  all  other  portions, 
most  itdmirable  and  inBtractive. 
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thermore,  that  being  well  disposed  to  what  shall  advantage 
themselves,  and  putting  off  factions  and  prejudices,  they  take 
common  counsel  with  ub,  to  the  end  that  being  by  these  our 
aids  and  appliances  fi-eed  and  defended  from  wanderings  and 
impediments,  they  may  lend  their  hands  also  to  the  labors 
which  remain  to  be  performed : — And  yet,  further,  that  they 
be  of  good  hope ;  neither  feign  and  imagine  to  themselves 
this  our  Ucform  as  something  of  infinite  dimension  and  be- 
yond the  grasp  of  mortal  man,  when,  in  truth,  it  is,  of  infinite 
error,  the  end  and  tnao  limit ;  and  is  by  no  means  unmindful 
of  the  condition  of  mortality  and  iiumanity,  not  confiding 
that  such  a  thing  can  be  carried  to  its  perfect  close  in  the 
space  of  one  single  day,  but  assigning  it  as  a  task  to  a  suc- 
ceBsion  of  generations.' — Bacon — Ihbtaueatio  l^LiGNA,  Prcef. 
ad  Jim. 

"  *  If  there  be  any  man  who  lias  it  at  heart,  not  merely  to 
take  his  stand  on  what  has  ah-eady  been  discovered,  hut  to 
profit  by  that,  and  to  go  on  to  something  beyond ;— not  to 
conc[iier  an  adversary  by  disputing,  but  to  conq^uer  natm'e 
by  working; — ^not  to  opine  probably  and  prettily,  but  to 
know  certainly  and  demonstrably ;— let  snch,  as  being  time 
sons  of  nature  (if  they  will  consent  to  do  so),  join  themselves 
to  us;  so  that,  leaving  the  porch  of  nature  which  endless 
multitudes  have  so  long  trod,  we  may  at  last  open  a  way  to 
the  inner  courts.  And  that  we  may  mark  the  two  ways, 
that  old  one,  and  our  new  one,  by  familiar  names,  we  have 
been  wont  to  eaU  the  one  the  Antioi^oMon  of  the  Mmd,  the 
other,  the  Interpretation  of  JVature.' — ^Inst.  Mag.  Praf.  ad 
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Absolute  and  relative,  a.  69. 
Accelerating  force,  a.  326. 
Achromatism,  h.  66. 

Acoustics,  i.  24. 

Acronyt»l  rising  and  setting,  o.  131. 

Action  and  reaction,  a.  843. 

Acuation,  h.  319. 

Aouminatioc,  h.  319. 

Acute  harmonicB,  h.  37. 

.JMolf^y,  h.  499. 

Afanlty  (in  Chemistry),  h.  265. 

"      (m  Natui-al  History),  h.  418. 
Agitation,  Centre  of,  a.  357. 
Alidad,  a.  184. 
AlineatiODS,  a.  15S,  161. 
Alkali,  6.  262. 

..184. 
[.  170. 
Ahnanac,  a.  184. 
Alphousiae  tahles,  a.  178. 
Alternation  (of  formations),  6.  588. 
Amplioteric  sillcides,  h.  352, 
Analogy  (in  Nataral  ffistorj),  h.  418. 
Analysis  (chemical),  h.  262. 

(polar,  of  light),  i.  80. 
Angle  of  cleavage,  h.  822. 

"  incidence,  6.  63. 

"  reflection,  6.  53, 

Animal  electricity,  6.  238, 
Anion,  6.  298. 


I.  .113. 


Anomaly,  a.  139 
Antarctic  circle, 
Antiohthon,  a.  8 
Anticlinal  line, 
Antipod^. 
Vol.,  I,- 


196, 


Apogee,  a.  146. 

Apoteleematic  astrology,  a.  222, 

ApothecEe,  i.  366, 

Appropriate  ideas,  a.  87. 

Arctic  circle,  a.  131. 

Armed  mafnels,  h.  220. 

Armil,  o.  168, 

Aii  and  science,  u.  239. 

Ai-tioulata,  h,  478, 

Artificial  magnets,  h.  220. 

Ascendant,  a.  222. 

Astrolabe,  a.  164, 

Atmology,  b.  13T,  163. 

Atom,  a,  78. 

Atomio  theoiy,  i.  285. 

Ases  of  symmetry  (of  crystals),  S.  S27. 

Axis  (of  a  mountain  chain),  h.  537, 

Aaimuth,  a.  184, 

Aaot,  h.  276, 

BallisticB,  a.  366, 
Bases  (of  salts),  h.  264. 
Basset  (of  strata),  h.  512, 
Beats,  6.  29. 

Calippic  period,  a.  123. 

Calorip,  6. 143. 

Canicular  period,  a.  118. 

Canon,  a.  147, 

Capillary  action,  a.  S77. 

Carbonic  add  gas,  b.  376 

Carolinian  tables,  a.  804. 

CatasteriBms,  a,  158, 

Categories,  a.  206. 

Cathion,  6,  298. 

Cathode,  6.  298. 

CaHon,  b.  298. 

Causes,  Material,  formal,  efficient,  ii- 


73. 
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Centrifugal  foi-ce,  a.  330. 

Cerebral  Eystem,  h.  463. 

Chemical  attractioo,  b.  264, 

Chyle,  6.  463. 

Chyme,  6.  453. 

Circles  of  tlie  sphere,  a.  128. 

Cironlar  polarizaijon,  6.  82,  119. 

"       progreBsion  (in  Nitura!  His- 
tory), b.  418. 
Civil  year,  a.  117. 
aimate,  i.  146. 
Coexistent  vibrations,  a.  378. 
Colures,  a.  131. 
Conditions  of  existence  (of  animals), 


Condneibility,  b.  143. 
Conductibility,  b.  148. 
Conduction,  b.  139. 
Condnctivity,  ft.  143. 
Conductors,  6. 194. 
Conical  refraction,  b.  124. 
Conservation  of  areas,  o.  380. 
Consistence  (in  Thermotics),  b.  160. 
Constellations,  a.  124. 
Constituent  temperature,  b.  170. 
Contoot-tlieory  of  the  Voltaic  pile,  i. 

296. 
Cor  (of  plants),  S.  374. 
Cosmioal  ri^r^  and  setting,  a.  131. 
ColJdal  lines,  a.  460. 
Craters  of  elevation,  5.  556. 


Day, 


:.  112. 


Decussation  of  nerves,  *.  462. 

Deduction,  a.  48. 

Deferent,  a.  ITS. 

Definite  proportions  (in  Chejnisliy),  i 

285. 
Delta,  b.  546. 

Dephlogisticated  air,  b.  278. 
Depolarization,  i.  80. 

■'  of  heat,  h.  155. 

DepolariMng  axes,  b.  81. 
Descriptive  phrase  (in  Botany),  6.  39* 
Dew,  b,  177. 
Dichotomized,  a.  187. 
Diffi-action,  b.  79. 


Dimorphism,  b.  336. 
Dioptra,  a.  165. 
Dipolarizalion,  b.  80,  82. 
Direct  motion  of  planets,  a.  138. 
Disoontinuons  foncfione,  6.  36. 


(of  light),  6.  126. 
Doctrine  of  the  sphere,  a.  130. 
Dogmatic  school  (of  medicine),  b.  439. 
Double  refraction,  6.  69. 


Effective  fc 


Electrical  corrent,  b. 
Electricity,  6.  192. 
Electrics,  6.  194. 
Electrical  tension,  b. 
Electro-dynamical,  b 


Electro-magnetism,  b.  243. 

Eiements  (chemical),  6.  309. 

Elliptical  polarizadon,  b.  122,  123. 

Empiric  scliool  (of  medicine),  b.  489. 

Empyrean,  o.  82. 

Enneads,  a.  218. 

Entelechy,  o.  74. 

Eocene,  b.  529. 

Epicycles,  a.  140,  145. 

Epochs,  a.  46. 

Equant,  a.  175. 

Equation  of  time,  a.  169. 

Equator,  o.  130. 

Equinoctial  points,  a.  131. 

Escarpment,  b.  687. 

Evectjon,  a.  171,  172. 

Eschanges  of  heat.  Theory  of,  b.  143. 

Facts  and  ideas,  a.  43. 

Faults.  (In  strata),  6.  687. 

Final  causes,  b.  442,  492. 

Finite  intervals  (hypothesis  of),  6. 126. 

First  law  of  motion,  a.  332. 

Fits  of  easy  ti^ansmisBion,  b.  77,  89. 

Fised  air,  6.  272. 

Fixity  of  the  stars,  u.  158. 
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Formal  opUcB,  6.  hi. 
FraiikliDism,  i.  202. 
Fresnel'a  rhomb,  6. 105. 
Frii^eB  of  shadows,  i.  79,  I' 
!.  847. 


Full  months,  o,  122. 

Function  (in  Physiology),  6.  436. 

Galvanism,  *.  239. 
Galvanometer,  h.  251. 
Ganglionic  gystem,  h.  463. 
OanglioDs,  i.  463. 
Generalization,  a.  46. 
Geocentric  theory,  a.  2S8. 
Giutmou,  a.  162. 
Gnomonic,  a.  137. 
Golden  nnmber,  a.  128. 
Grave  harmonics,  h.  38. 
Gravitate,  a.  406. 

Habitations  (of  plants),  6.  562. 
Hsecceity,  a.  283. 
Hakemite  tables,  a.  177. 


131. 


Haioide,  b.  352. 
Harmonics,  Acute,  h.  ST. 
Grave,  6.  38. 
Heat,  h.  189. 

"     Latent,  b.  160. 
Hecc^decaSteris,  u.  121. 
Height  of  a  homogeneous  atmosphen 

ft.  34. 
Heliacal  rising  and  setting,  a 
Heliocentric  tteory,  a.  258. 
Hemisphere  of  Berosus,  a.  16; 
Hollow  monthB,  o.  122. 
Homoiomeiia,  a.  78. 
Horizon,  a.  131. 
Horoscope,  a.  222. 
Horror  of  a  vacuum,  a.  846, 
Houses  (in  Astrology),  a.  222 
Hydracids,  6.  283. 
Hygrometer,  S.  177. 
Hygrometry,  S.  188. 
Hypostatica!  prbiciples,  h.  26: 


Impressed  forces,  «.  359. 
Inclined  plane,  a.  313. 
Induction  (electric),  h.  197. 

(logical),  fl.  43. 
Inductive,  a.  42. 

"         charts,  a.  47. 


In£ammable 
Influences,  a. 
Intercalation,  a.  118. 


273. 


Ionic  school,  a.  56. 
Isomorphism,  6.  334, 
Isothermal  lines,  i.  146,  588. 
Italic  school,  a.  56. 

Joints  (in  rocks),  i.  587. 
Judidal  astrology,  o.  222. 
Julian  calendar,  a.  116. 

Lacteals,  i.  453. 
Latent  heat,  h.  160, 
Laws  of  motion,  first,  o.  322. 
"  "        second,  a.  880. 

third,  a.  334. 
Leap  year,  a.  118. 
Leyden  phial,  6.  196. 
Lihrations  (of  planets),  a.  297. 
Libration  of  Jupiter's  Satellites, 


441. 


1.  162. 


Limb  of  an  instrument,  a 
Longitudinal  vibrations,  5.  44. 
Lunisolai  year,  a.  120. 
Lymphatics,  6.  468. 


"        eq.uator,  h.  219. 
Magnetism,  h.  217. 
Magneto-electric  induction,  h.  256. 
Mattel  and  form,  a.  73. 
Mean  temperature,  h.  146, 
Mechanical  mixture  of  gases,  6.  172. 
Mechanico-chemical  sciences,  b.  191, 
Meiocene,  6.  529. 
Meridian  line,  a.  164. 
Metals,  h.  806,  807. 
Meteorology,  6. 138. 
Meteors,  a.  86. 
Methodic  school  (of  medicine),  6.  489. 
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Metonic  cycle,  a.  122. 
Mineral  alkaU,  b.  264, 
Mineialogical  axis,  5.  537. 
Minute,  a.  168. 
Miocene,  6.  529. 
MoUuBca,  b.  47S. 
Moment  of  inertia,  a.  85Q. 
Momentam,  a.  SS7,  838. 
Moon's  llbiaiion,  a,  375. 
Morphology,  b.  469,  474. 
Morable  polarization,  b.  105. 
Moltiple  proportions  (in  ChemlEtry), 


Nadir,  a.  184. 

Nebular  hypothesis,  b.  501. 

Neoplatonlsts,  o,  207. 

Nentralaxee,  5.  81. 

Neutralisation  (in  Chettilstrj'),  6.  263. 

Newton's  rings,  6.  77,  124. 

"        scale  of  color,  6.  77. 
Nitrons  air,  6,273. 
Nomenolataie,  b.  389. 


Octaeteiis,  a.  121. 
Octants,  a.  180. 
Oolite,  b.  529. 
Optics,  6.  51,  &c 
Organical  sciences,  b.  435. 
Organic  molecules,  b,  460. 
Organization,  b.  4S5. 
Oscillation,  Centre  of,  a,  356. 
Outcrop  (of  strata),  6.  512. 
Oxide,  6.  282, 
Osyd,  6.  282. 
Oxygen,  6.  276. 

Palteontology,  b,  519. 
Patietiological  sciences,  6.  499. 
Pacallaotio  ii 
Parallai, 


Perijove.  a.  44B. 
Periodical  colors,  6.  98. 
Pliases  of  the  moon,  a.  184. 
Philolaio  tahJes,  a.  304. 
Pblogistloated  ^r,  J.  278. 


Phfiongometer,  6,  47. 
Physical  optica,  b.  52. 
Piston,  a.  346. 
Plagihedral  feces,  b.  82, 
Plane  of  maximum  ai'eas,  b.  380. 
Plciocene,  6.  529. 
Plcaiomorphoos,  b.  335. 
Plumb  line,  a.  164. 
Pneumftiio  trough,  b.  278. 
PoikiUte,  b.  530. 
Polar  decompositions,  b,  293 
Polmizaiion.  b.  72,  74. 

"  Circular,  6.  82,  119. 

EUiptioal,  S.  122,  124, 
"  MoTable,  6,  105. 

Plane,  b.  120. 

ofheat,  6.  153. 
Poles  (voltMc),  6.  298. 

"    of  maxironm  cold,  b.  146. 
Potential  levers,  a.  818. 
Power  and  act,  a.  74. 
Precession  of  the  equinoxes,  a.  155. 
Pcedicables,  o.  205. 
Predicaments,  a,  206. 
Preludes  of  epoclis,  a.  46. 
Primary  rocks,  b.  513, 
Pi-imitive  rocks,  b.  513. 
Primum  calidum,  a.  77. 
Principal  plane  (of  a  rhomb),  b.  73. 
Piinciple  of  least  action,  a.  380. 
ProBfhapheresis,  a.  146. 
Provinces  (of  plants  and  animals),  b 


Pmtenic  tables. 
Piilses,  b.  33. 
Pyrites,  b.  352. 

Quadrant,  a.  164 
(iiiadrivium,  a.  19' 
QiiiddUy,  i.  i^i. 


270. 
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ttt,  i.  478. 
b.  139. 
Bays,  b,  53. 
Bealists,  a.  2SS. 
Refraction,  i.  64. 

of  teat,  6.  155, 
Eemora,  a.  190. 
Rosinous  electricity,  b.  105. 
Rete  mirabile,  b.  463. 
&etr<^rade  motion  of  planets,  a. 
fioman  calendar,  a.  123, 
Rotatory  vibralioiia,  b.  44, 
Rudolphine  tables,  a.  270,  802. 

Saros,  a.  1S6. 

Scholastic  pliilosophy,  a.  230. 

School  philoaophy,  a.  60, 

Srfenoe,  a.  42, 

Secondarr  racks,  6.  513. 

"         mechanical  sciences,  i 
Second  law  of  motion,  a.  330, 
Seconds,  a.  163. 
Secular  inequalities,  a.  370. 
Segregation,  6.  558. 
Seminal  (xmtagion,  b.  459. 
"       proportions,  a.  79. 
Sequels  of  epochs,  a.  47 . 
Silicides,  6.  352. 
tiilorian  rocks,  b.  530, 
Simples,  6.  367. 
Sine,  a.  181. 
Solar  heat,  b.  145. 
Solstitiftl  points,  0,  131. 
Soladon  of  water  in  air,  b.  166. 
Sothio  period,  a.  118. 
Spi^iric  art,  b.  2&1. 
Spedfic  beat,  b.  169. 
Sphere,  a.  180. 

Spontaneous  generation,  b,  457- 
Stetical  eleai-icity,  b.  208. 
Stationaiy  periods,  a.  48. 

'■  planets,  a,  139, 
Stations  (of  planfe),  5.  662. 
Sympathetic  sounds,  b.  37, 
Systematic  Botany,  b.  357- 


Tables,  Solar,  {of  Ptolemy),  a.  146, 

Hakemite,  a.  177. 
.  Toletan,  a.  YII. 

Ilchanio,  a.  178. 

Alphonaiae,  a.  178. 

Pmtenic,  a.  270. 

Sudolphine,  a.  302. 

Perpetunl  (of  lansberg),  a.  802. 

PhilolMc,  a.  304. 

Carolinian,  a.  804. 
Tangential  vibrations,  b,  45. 
TSmtoohronous  curves,  a.  372. 
Technical  terms,  b.  389. 
Temperament,  6.  47. 
Tomperoture,  6. 139, 
Terminolc^y,  5.  889. 
Tertiaiy  rocks,  b.  513. 
Tetractj's,  a.  77. 
TheoiT  of  analogues,  b.  483. 
Theimomultiplier,  h.  154, 
TheiTDOtira,  6.  137. 
Thick,  plates.  Colors  of,  6.  79. 
ITiin  plates.  Colors  of,  J.  77. 
Thii-d  law  of  motion,  a.  834. 

le  prinolplee  (in   Chemistry),    b. 
1. 

Toletan  tables,  a.  177. 
lYansition  rocks,  b.  530. 
Transverse  vibrations,  b.  44,  93,  101. 
Ti-avertdn,  b.  546. 

Trepidation  of  the  fixed  stai-s,  a.  179. 
Trigonometry,  a.  167. 
Trivial  names,  6.  392. 
'frivitmi,  a.  199. 
Tropics,  a,  131. 

Truncation  (of  crystals),  6.  319, 
Type  (in  Comparative  Anatomy),  b. 
476. 

TJniftina  force,  a.  827. 

Unity  of  Composition  (in  Coin|>amliv(^ 

Anatomy),  6,  483. 
Unity  of  plan  (in  Comparative  Ana(<i- 

my),  b.  483, 

Variation  of  the  moon,  a,  179,  30ii, 
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Vegttablo  ulkali,  b.  2fi4. 

Voluntary,  violent,  and  natural  n 

Vertebrata,  6.  478, 

tion,  a.  319, 

Vibrations.  6,  44. 

Vorticee.  a.  388. 

TicariouB  elementB,  b.  884.       . 

solicitations,  a.  359- 

Week,  o,  127. 

Virtual  velocities,  a.  383. 

Vitreous  eleotridty,  b.  195. 

Year.  a.  112, 

VolatUe  alkali,  b.  264. 

Volta-elecliometer,  6.  299. 

Zenith,  a.  ISl. 

Voltaic  electricity,  6.  239. 

Zodiac,  0. 181. 

"      pile,  i.  239. 

Zones,  a.  186. 

Volumes,  Theory  of,  6.  290. 
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"A  jnst  story  of  learning,  oontatning  the  antitiwidas  and  originals  of 
KHOWLEDGES,  and  their  sects ;  tlieir  inTeotJons,  tlieir  diveree  administra- 
tjona  and  managings ;  tiieir  flourisliingB,  fheir  oppositionB,  decays,  depres- 
sions, oblirlons,  removes ;  with  the  causes  and  occasions  of  them,  and  all 
othei'  events  concerning  learning,  throughout  all  ages  of  the  world  ;  I  may 
tiuly  affiim  (o  be  wanting. 

'  ■  Tho  nse  and  end  of  which  work  I  do  not  so  much  design  for  rntiosity, 

or  satislkition  of  those  that  are  the  lovers  of  learning ;  but  chiefly  for  a 

more  serious  and  grave  purpose ;  which  is  this,  in  few  words — that  it  will 

make  learned  men  more  wise  in  the  use  and  administration  of  learning. ' ' 

BaoOn,  Admncemml  of  Learning,  hook  ii. 
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IHTRODUCTION. 


IT  is  my  purpose  to  write  the  History  of  some  of  the  most  im- 
portant of  tte  Physical  Sciences,  from  the  earliest  to  the  most 
recent  periods.  I  shall  thus  have  to  trace  some  of  the  most  remark- 
able branches  of  human  knowledge,  from  their  first  germ  to  their 
growth  into  a  vast  and  varied  assemblage  of  undisputed  truths  ;  from 
the  acute,  but  fruiUess,  essays  of  the  early  Greek  Philosophy,  to  the 
comprehensive  systems,  and  demonstrated  generalizations,  which  com- 
pose such  sciences  as  the  Mechanics,  Astronomy,  and  Chemistry,  of 
modern  times. 

The  completeness  of  historical  view  which  belongs  to  such  a  de- 
sign, consists,  not  in  accumulating  all  the  details  of  the  cultivation  of 
each  science,  but  in  marking  the  larger  features  of  its  formation.  The 
historian  must  endeavor  to  point  out  how  each  of  the  important  ad- 
vances was  made,  by  which  the  sciences  have  reached  their  present 
position ;  and  when  and  by  whom  each  of  the  valuable  truths  was 
obtained,  of  which  the  aggregate  now  constitutes  a  costly  treasure. 

Such  a  task,  if  fitly  oseouted,  must  have  a  well-founded  interest  for 
all  those  who  look  at  the  existing  condition  of  human  knowledge  with 
complacency  and  admirition  The  present  generation  finds  itself  the 
d  t 
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of  the  present  day  may  naturally  teel  le-'pei'tin^  the  events  and 
persons  of  his  story. 

But  such  a  survey  may  possess  also  an  interest  of  -mother  kind  il 
may  be  instructive  as  well  as  agreealle  it  may  bring  before  the 
reader  the  present  form  and  extent,  the  future  hopes  and  prcpects  ot 
science,  as  well  as  its  past  progress  The  eminence  on  nhich  we 
stand  may  enable  us  to  see  the  land  of  promise  is  well  ai  the  mlder 
nesB  through  which  we  have  passed  The  eximmation  of  tlie  '<tep'- 
by  which  our  ancestors  acquired  our  intellectual  e&tate,  may  make  ui. 
aajuwnted  with  our  expectations  as  well  as  our  posse=)iion''  — may  not 
only  remind  ns  of  what  we  have,  but  miy  teach  ns  how  to  improse 
and  increase  our  store.  It  will  be  universally  expected  that  a  History 
of  Inductive  Science  should  point  out  to  us  a  philosophical  distribu- 
tion of  the  existing  body  of  knowledge,  and  afford  ua  some  indication 
of  the  most  promising  mode  of  directing  our  future  etfotts  to  add  to 
its  extent  and  completeness. 

To  deduce  such  lessons  from  the  past  history  of  hnman  knowledge, 
was  the  intention  which,  originally  gave  rise  to  the  present  work.  Nor 
is  this  portion  of  the  design  in  any  measure  abandoned ;  but  its  execu- 
tion, if  it  take  place,  must  be  attempted  in  a  separate  and  future 
treatise.  On  the  Philosophy  of  the  Inductive  Sciences.  An  essay  of 
this  kind  may,  I  trust,  from  the  progress  already  made  in  it,  be  laid 
before  the  public  at  no  long  interval  after  the  present  history.' 

Though,  therefore,  many  of  tke  principles  and  maxims  of  such  a 
work  will  disclose  themselves  with  more  or  less  of  distinctness  in 
the  course  of  the  history  on  which  we  are  about  to  enter,  the  syste- 
matic and  complete  exposition  of  such  principles  must  be  reserved  for 
this  other  treatise.  My  attempts  and  reflections  have  led  me  to  the 
opinion,  that  justice  cannot  be  done  to  the  subject  without  such  a 
division  of  it. 

To  this  future  work,  then,  I  must  refer  the  reader  who  is  disposed  to 
require,  at  the  outset,  a  precise  explanation  of  tke  terms  which  occur 
in  my  title.  It  is  not  possible,  without  entering  into  this  philosophy, 
to  explain  adequately  how  science  which  is  Inductivk  differs  from 
that  which  is  not  so  ;  or  why  some  portions  of  knowledge  may  prop- 
erly be  selected  from  the  general  mass  and  termed  Scibhcb.  It  will 
be  sufBoient  at  present  to  say,  that  the  sciences  of  whicli  we  have 
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tere  to  treat,  are  those  which  are  uommouly  knuwn  as  the  Physical 
Sciences;  and  that  hy  Induction  ia  to  he  understood  that  process  of 
collecting  general  truths  from  the  examination  of  particular  facts,  by 
which  sneh  sciences  have  been  formed. 

There  are,  however,  two  or  three  remarks,  of  which  tho  application 
will  occur  so  frequently,  and  will  tend  so  much  to  give  iis  a  clearer 
view  of  some  of  the  subjects  which  occur  in  our  history,  that  I  will 
state  them  now  in  a  hrief  and  general  manner. 

Faets  and  Ideas^ — In  the  farst  jlice  then,  I  remark,  tLat,  to  the 
toimation  tf  science  two  things  ire  reqii^ite; — Facts  and  Ideas; 
ohservation  of  Things  without  and  an  in«  ard  effort  of  Thought ;  or, 
in  ether  w  rds  ^en<ie  and  Reason  Neither  of  these  elements,  by 
liselt  can  ccnstitute  subst^ntnl  general  knowledge.  The  impressions 
of  sense  unconnected  1  j  some  rati  nal  and  speculative  principle,  can 
only  end  in  a  practical  acqua  ntance  with  individual  objects;  the  op- 
eiationa  of  the  rational  feculties  on  the  other  hand,  if  allowed  to  go  on 
without  a  constant  reference  to  external  things,  can  lead  only  to  empty 
abstraction  and  barren  ingenuity.  Real  speculative  knowledge  de- 
mands the  combination  of  the  two  ingredients ; — right  reason,  and 
facta  to  reason  upon.  It  has  been  well  said,  that  true  knowledge  is  the 
interpretation  of  nature ;  and  therefore  it  requires  both  the  interpreting 
mind,  and  nature  for  its  snbject ;  both  the  document^  and  the  ingenuity 
to  read  it  aright;  Thus  invention,  acuteness,  and  connection  of  thought, 
are  necessary  on  the  one  hand,  for  the  progress  of  philosophical  knowl- 
edge ;  and  on  the  other  hand,  the  precise  and  steady  application  of 
these  faculties  to  facts  well  known  and  clearly  conceived.  It  is  easy 
to  point  out  instances  in  which  science  has  failed  to  advance,  in  con- 
sequence of  the  absence  of  one  or  other  of  these  requisites ;  indeed, 
by  far  the  greater  part  of  the  course  of  the  world,  the  history  of  most 
times  and  most  countries,  exhibits  a  condition  thus  stationary  with 
respect  to  knowledge.  The  facta,  the  impressions  on  the  senses,  on 
which  ihe  first  successful  attempts  at  physical  knowledge  proceeded, 
were  as  well  known  long  before  the  time  when  they  were  thus  turned 
to  account,  as  ■  at  that  period.  The  motions  of  the  stars,  and  the 
effects  of  weight,  were  familiar  to  man  before  the  rise  of  the  Greek 
Astronomy  and  Mechanics;  but  the  "diviner  mind"  was  still  absent; 
the  act  of  thought  had  not  been  exerted,  by  which  these  facta  were 
bound  together  under  the  form  of  laws  and  principles.    And  even  at 

'  For  the  AjitWiesis  of  Facts  and  Ideas,  boo  tlio  PMl&svpl'j,  book  i.  cli.  1,  3,  i,  B. 
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this  day,  the  tribes  of  iiacivJIized  and  half-i-ivilized  man,  over  tlie 
whole  face  of  the  earth,  have  before  their  eyes  a  vast  body  of  facts,  of 
exactly  the  same  nature  as  those  with  which  Europe  has  built  the 
stately  fabric  of  her  physical  philosophy ;  but,  in  almost  every  other 
part  of  the  earth,  the  process  of  the  iutelleet  hy  which  these  fiict-s 
become  science,  is  untaown.  The  scientific  feculty  does  not  work. 
The  scattered  stones  are  there,  but  the  builder's  hand  is  wanting. 
And  again,  we  have  no  lack  of  proof  that  mere  activity  of  thought  is 
equally  Inefficient  in  produciug  real  knowledge.  Almost  the  whole  of 
the  career. of  the  Greek  sehoola  of  philosophy ;  of  the  schoolmen  of 
Europe  in  the  middle  ages ;  of  the  Arabian  and  Indian  philosophers ; 
shows  us  that  we  may  have  extreme  ingenuity  and  subtlety,  invention 
and  connection,  demonstration  and  method ;  and  yet  that  out  of  these 
germs,  no  physical  science  may  be  developed.  We  may  obtain,  hy 
such  means,  Logic  and  Metaphysics,  and  even  Geometry  aud  Algebra ; 
but  out  of  such  materials  we  shall  never  form  Mechanics  and  Optics, 
Chemistry  and  Physiology,  How  impossible  the  formation  of  these 
sciences  is  without  a  constant  and  careful  reference  to  observation  and 
experiment; — how  rapid  and  prosperous  their  progress  may  be  when 
they. draw  from  such  sources  the  materials  on  which  the  mind  of  the 
philosopher  employs  itself; — the  history  of  those  branches  of  knowl- 
edge for  the  last  three  hundred  ycaw  abundantly  teaches  us. 

Accordingly,  the  existence  of  clear  Ideas  applied  to  distinct  Facts 
will  be  discernible  in  the  History  of  Science,  whenever  any  marked 
advance  takes  place.  And,  in  tracing  the  progress  of  the  various  prov- 
inces of  knowledge  which  come  nnder  our  survey,  it  wiU  be  important 
for  us  to  see  that,  at  all  such  epochs,  such  a  combination  has  occurred; 
that  whenever  any  material  step  in  general  knowledge  has  been  made, 
— whenever  any  philosophical  discovery  arrests  our  attention,— some 
man  or  men  come  before  na,  who  have  possessed,  in  an  eminent  degree, 
a  clearness  of  the  ideas  which  belong  to  the  subject  in  question,  and 
who  have  applied  such  ideas  in  a  vigorous  and  distinct  manner  to 
ascertained  facts  and  exact  observations.  We  shall  never  proceed 
through  any  conaderable  range  of  our  narrative,  without  having  occa- 
sion to  remind  the  reader  of  this  reflection. 

Successive  Steps  in  Science.' — But  there  is  another  remark  which 
we  must  also  make.  1  Such  sciences  as  we  have  here  to  do  with  are, 

•  Conoeimng  Saacesahe  Gitn-alisationa  in  Science,  eoo  tho  Philosophy,  book  i.  Bh. 
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commonly,  not  formed  by  ii  single  act ;— tliey  are  not  completed  by 
the  discovery  of  one  great  principle.  On  the  contrary,  they  consist  in 
a  lopg-eon tinned  advance;  a  series  of  changes;  a  repeated  progress 
from  one  principle  to  another,  different  and  often  appai'ently  contradic- 
tory. Now,  it  is  important  to  remember  that  this  contradiction  is 
apparent  cnly.  The  principles  which  consfituted  the  triumph  of  the 
preceding  stages  of  the  science,  may  appear  to  be  subverted  and  ejected 
by  the  later  discoveries,  but  in  fact  they  are  (so  far  as  they  were  trne) 
taken  up  in  the  subsequent  doctrines  and  included  in  them.  They 
continue  to  be  an  essential  part  of  the  science.  The  earlier  truths  are 
not  expelled  but  absorbed,  not  contradicted  but  extended ;  and  the 
history  of  cacb  science,  which  may  thus  appear  like  a  succession  of 
revolutions,  is,  in  reality,  a  series  of  developments.  In  the  intellectual, 
as  in  the  material  world. 


All  changes,  nanght  is  lost  ■  tlie  fnrrn'i  are  cliangod 
Aad  that  which  hai  been  is  not  what  t  ma 
Yet  tliat  which  has  lieeu  is 

to  be  conspicuous  and  primaij 

Thus  the  final  form  of  each  science  f  ontains  the  substance  of  each 
of  its  preceding  modifications ,  and  all  that  was  at  any  antecedent 
period  discovered  and  established,  ministers  to  the  ultimate  develop- 
ment of  its  proper  branch  of  knowledge  Such  previous  doctrines  may 
require  to  be  made  precise  and  dpfimte,  to  have  their  supeifluous  and 
arbitrary  portions  expunged,  to  be  expiessed  m  new  language,  to  be 
taken  up  into  the  body  of  science  by  \aruns  processes, — Vut  they  do 
not  on  each  accounts  cease  to  be  true  doctrines,  or  to  firm  a  portion 
of  the  essential  constituenfe  of  our  knowledge. 

Terms  record  Discoveries." — The  modes  in  which  the  earlier  truths 
of  science  are  preserved  in  its  lat«r  forms,  are  indeed  various.  From 
being  asserted  at  first  as  strange  discoveries,  such  truths  come  at  last 
to  bo  implied  as  almost  self-evident  axioms.  They  are  recorded  by 
some  familiar  maxim,  or  perhaps  by  some  new  word  or  phrase,  which 
becomes  part  of  the  current  language  of  the  philosophical  world ;  and 
thus  asserts  a  principle,  while  it  appears  merely  to  indicate  a  transient 
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notion  ; — preserves  as  well  as  expresses  a  truth  ;— and,  like  a  medal  of 
gold,  is  a  treasure  as  well  as  a  token.  We  shall  frequently  have  to 
notice  the  manner  in  which  great  discoveries  thus  stamp  their  impress, 
upon  the  terms  of  a  science ;  and,  like  great  political  revolutions,  are  re- 
corded by  the  change  of  the  current  coin  ivhich  has  accompanied  them. 

Generalization. — The  great  cianges  which  thus  take  place  in  Qie 
history  of  science,  the  revoJutiona  of  the  intellectual  world,  have,  as  a 
usual  and  leading  character,  this,  that  they  are  steps  of  generalization  ; 
transitions  from  particular  truths  to  others  of  a  wider  extent,  in  which 
the  former  are  included.  This  progress  of  knowledge,  from  individual 
facts  to  universal  laws, — from  particular  propositions  to  general  ones, 
— and  from  these  to  others  still  more  general,  with  reference  to  which 
the  former  generalizations  are  particular, — is  so  far  familiar  to  men's 
minds,  that,  without  iere  entering  into  further  explanation,  its  nature 
will  be  understood  sufScieutly  to  prepare  the  reader  to  recognise  the 
exempliflcationa  of  such  a  process,  which  he  will  find  at  every  step  of 
our  advance. 

Inductive  Epochs;  Preludes;  Sequels. — In  our  history,  it  is  the 
progress  of  knowledge  only  which  we  have  to  attend  to.  This  is  the 
main  action  of  our  drama ;  and  al!  the  events  which  do  not  hoar  upon 
this,  though  they  may  relate  to  the  cultivation  and  the  cultivators  of 
philosophy,  are  not  a  necessary  part  of  onr  theme.  Our  narrative  will 
therefore  consist  mainly  of  successive  steps  of  generalization,  such  as 
have  just  heen  mentioned.  But  among  these,  we  shall  find  some  of 
eminent  and  decisive  importance,  which  have  more  peculiarly  influ- 
enced the  fortunes  of  physical  philosophy,  and  to  which  we  may  con- 
sider the  rest  as  subordinate  and  auxiliary.  These  primary  movements, 
when  the  Inductive  process,  by  which  science  is  formed,  has  been  exer- 
cised in  a  more  energetic  and  powerful  manner,  may  be  distingnislied 
as  the  Inductive  Epochs  of  scientific  history ;  and  they  deserve  our 
more  express  and  pointed  notice.  They  are,  for  the  most  part,  marked 
by  the  great  discoveries  and  the  great  philosophical  names  which  all 
civilized  nations  have  agreed  in  admiring.  But,  when  we  examine 
more  clearly  the  history  of  such  discoveries,  we  find  tiat  these  epochs 
have  not  occurred  suddenly  and  without  preparation.  They  have 
been  preceded  by  a  period,  which  we  may  call  their  Pitlude,  during 
which  (he  ideas  and  facts  on  which  they  turned  were  called  into  action ; 
— were  gradnally  evolved  into  clearness  and  connection,  permanency 
and.certainty ;  till  at  last  the  discovery  which  marks  the  epoch,  seized 
and  fixed  forever  the  truth  which  had  til!  then  been  obscurely  and 
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doubtfully  discerned.  And  again,  when  this  step  has  been  made  by 
the  principal  discoverers,  there  may  generally  be  obaerved  another 
period,  which  we  may  call  the  Sequel  of  the  Epoch,  during  which  tie 
discovery  has  acquired  a  more  perfect  certainty  and  a  mora  complet« 
development  among  the  leaders  of  the  advanc*;  has  been  diffused  to 
the  wider  throng  of  the  secondary  cultivators  of  such  knowledge,  and 
traced  into  its  distant  consequences.  This  is  a  work,  always  of  time 
and  labor,  often  of  difficulty  and  conflict.  To  distribute  the  History 
of  science  into  such  Epochs,  with  their  Preludes  and  Sequels,  if  suc- 
cessfully attempted,  must  needs  make  the  series  and  connections  of  its 
occurrences  more  distinct  and  intelligible.  Such  periods  form  resting- 
places,  where  we  pause  till  the  dust  of  the  confused  march  is  laid,  and 
the  prospect  of  the  path  is  clear. 

Inductive  Charts} — Since  the  advance  of  science  consists  in  collect- 
ing by  induction  true  general  laws  from  particular  facts,  and  in  com- 
bining several  such  laws  into  one  higher  generalization,  in  which  they 
still  retain  their  truth  ;  we  might  form  a  Chart,  or  Table,  of  the  prog- 
ress of  each  science,  by  setting  down  the  particular  facts  which  have 
thus  been  combined,  so  as  to  form  general  truths,  and  by  marking  the 
further  union  of  these  general  truths  into  others  more  comprehensive. 
The  Table  of  the  progress  of  any  science  would  thus  resemble  the  Map 
of  a  River,  in  which  the  waters  from  separata  sources  unita  and  make 
rivulets,  which  ^ain  meet  with  rivulets  from  other  fountains,  and  thus 
go  on  forming  by  their  junction  trunks  of  a  higher  and  higher  order. 
The  representation  of  the  state  of  a  science  in  this  form,  would  neces- 
sarily exhibit  all  the  principal  doctrines  of  the  science ;  for  each  genera] 
truth  contains  the  particular  truths  from  which  it  was  derived,  and 
may  be  followed  backwards  till  we  have  these  before  us  in  their  sepa- 
rate state.  And  the  last  and  most  advanced  generalization  would 
have,  in  such  a  scheme,  its  proper  place  and  the  evidence  of  its  valid- 
ity. Hence  such  an  Induelive  Table  of  each  science  would  afford  a 
oriterioE  of  the  correctness  of  our  distribution  of  the  inductive  Epochs, 
by  its  coincidence  with  the  views  of  the  best  judges,  as  to  the  substan- 
tial contents  of  the  science  in  question.  By  forming,  therefore,  such 
Inductive  Tables  of  the  principal  sciences  of  which  I  have  here  to 
speak,  and  by  regulating  by  these  tables,  my  views  of  the  history  of 
6  that  I  have  secured  the  distribution  of  my  his- 
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toryftom  material  error;  for  uo  merely  arbitrary  division  of  the  events 
could  satisfy  such  conditions.  But  though  I  have  coEstructed  such 
charts  to  direct  the  course  of  the  present  history,  I  shall  not  insert 
them  in  the  work,  reserving  them  for  the  illustration  of  the  philosophy 
of  the  subject;  for  to  this  they  more  properly  belong,  being  a  part  of 
the  Logic  of  Induction, 
'  Stationary  Periods. — By  the  lines  of  such  maps  tbe  real  advance 
of  science  is  depicted,  and  nothing  else.  But  there  are  several 
occurrences  of  other  kinds,  too  interesting  and  too  instructive  to  be 
altogether  omitted.  In  order  to  understand  the  conditions  of  tte 
progre^  of  knowledge,  we  must  attend,  in  some  measure,  to  the  failures 
as  well  as  the  successes  by  which  such  attempts  have  been  attended. 
When  we  reflect  during  how  small  a  portion  of  the  whole  history  of 
human  speculations,  science  has  really  been,  in  any  marked  degree, 
progressive,  we  must  needs  feel  some  curiosity  to  know  what  was 
doing  in  these  stationary  periods ;  what  field  could  be  found  which 
admitted  of  so  wide  a  deviation,  or  at  least  so  protracted  a  wandering. 
It  is  highly  necessary  to  our  purpose,  to  describe  the  baffled  enter- 
prises as  well  as  the  achievements  of  human  speculation. 

DediKtion. — During  a  great  part  of  such  stationary  periods,  we 
shall  find  that  the  process  which  wc  have  spoken  of  as  essential  to 
the  formation  of  real  science,  the  conjunction  of  clear  Ideas  with  dis- 
tinct Facts,  was  interrupted ;  and,  in  such  cases,  men  dealt  with  ideas 
alone.  They  employed  themselves  in  reasoning  from  principles,  and 
they  arranged,  and  classifled,  and  analyzed  their  ideas,  so  as  to  make 
their  reaaonicgs  satisfy  the  requisitions  of  our  rational  faculties.  This 
process  of  drawing  conclusions  from  our  principles,  by  rigorous  and 
unimpeachable  trains  of  demonstration,  is  termed  Deduction.  In  its 
due  place,  it  is  a  highly  important  part  of  every  science ;  but  it  has 
no  value  when  the  fundamental  principles,  on  which  the  whole  of  the 
demonstration  rests,  have  not  first  been  obtained  by  the  induction  of 
facts,  so  as  to  supply  the  materials  of  substantial  truth.  Without 
such  materials,  a  series  of  demonstrations  resembles  physical  science 
only  as  a  shadow  resembles  a  real  object.  To  give  a  real  significance 
to  our  propositions.  Induction  must  provide  what  Deduction  cannot 
supply.  From  a  pictured  hook  we  can  hang  only  a  pictured  chain. 
Distinction  of  common  Notions  and  Scientific  Ideas.^ — When  the 
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t  h      1     li  t        til        mm  rse  of 

1  ra  t     I  ]  1     wh   h  g       m  t     tli       t      1       1     g    gt^i  ^^^ 

mpl  ym    1 1   tt     h     !y  th    ght,  i      d  w  tli  th   Ideaa  on 

whh         t  ist       liwfiltitllLtwl  { intel- 

I    t    !    p      I         h        m    li  tt  t  mm  I         li  th  t  is  dif- 

f       t     W  th     t  h        tt  mpt       f  lly  t       pi      this     I  t       (which, 
d    d  f  til    hard    t  ].    bl  f  ph  1      phy)      e  may 

b  th  t  th  y  h        th  mm       th  t  b  th  q    red  by 

t      f  tl     m    d  d  t    g      f       1    mp  s,  and 

m  y  b      mpl  j-  1        oo  d    t  t  f  m  g  peaking 

1       ly  (f      w  t  h        p  th        b]    t        as  t         ive  at 

ph  1      ph     1         t    sa)         m  y  say  th  t     U       t  1    d  as  are 

btdby  d    t  ]yb  d  d  d    t       process. 

Bt         tildas      I      mm      Wt        Ifi  tithtth    former 

are  precise  and  stable,  the  latter  vague  and  variable ;  tliu  former  are 
possessed  with  clear  insight,  and  employed  in  a  sense  rigorously  lim- 
ited, and  always  identically  the  same ;  the  latter  have  grown  up  in  the 
mind  from  a  thousand  dim  and  diverse  eiiggestions,  and  the  obscurity 
and  incongruity  which  belong  to  their  origin  hang  abont  all  their 
applications.  Scientific  Ideas  can  often  be  adequately  exhibited  for 
all  the  purposes  of  reasoning,  by  means  of  Definitions  and  Axioms; 
all  attempts  to  reason  by  means  of  Definitions  from  common  Notions, 
lead  to  empty  forms  or  entire  confusion. 

Such  common  Notions  are  snfBcient  for  the  common  practical  eon- 
duet  of  human  life  b  t  m  t  p  t  I  tnre  merely ,  he 
has  within  him  a.sj  ctl  I  t  d  y  pi  m  the  contemplation 
of  ideal  relations,  1  f  k  wl  d^  k  wl  dge  It  is  this 
speculative  tendency  1  h  I  g  t  1  ht  th  diff  nee  of  common 
Notions  and  scientifi  Id  f  wh  1  w  h  p  ken  The  mind 
analyzes  such  Not  as  [  th  m  b  es  and  connei.t& 
them ;  for  it  feels  a  1  tt  t  t  11  t  I  th  g  ght  to  be  able  to 
bear  such  handling  E  p  t  Ik  Id  w  ee  cleai'ly,  is  not 
posable  without  th  f  th  d  th  p  latlve  reason  is 
only  the  reason  sat  fyi  g  ts  If  f  ts  w  t  y.  The  specula- 
tive faculty  cannot  b  tlldtim  tg  Th  mind  cannot  hut 
clam  a  right  to  spe  1  te  m  11  t  w  is  and  creations  ; 
yet,  when  it  exerei  this  ht  j  ts  mm  practical  notions, 
we  find  that  it  run  t  b  rr  1:  t  t  d  recurring  cycles 
of  subtlety.  Such  N  t  1  k  t  t  lly  stagnant ;  how- 
ever much  we  ui'g  d  t  t  th  m  t!  y  Ij  Ive  in  stationary 
Vol.  1.— 4 
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whirlpools.  But  the  mmd  is  capable  of  acquhing  aeientifio  Ideas, 
wWcIi  are  better  fitted  to  undergo  discussion  and  impulsion.  Wben 
our  speculations  are  duly  fed  from  tie  spriugbeads  of  Observation, 
aad  frequently  drawn  off  into  tbe  region  of  Applied  Science,  we  may 
■have  a  living  stream  of  consistent  and  progressive  knowledge.  That 
science  may  be  both  real  as  to  its  import,  and  logical  as  t«  its  form, 
the  examples  of  many  existing  sciences  sufBcieutly  prove. 

School  Philosophy. — So  long,  however,  as  attempts  are  made  to 
torra  sciences,  without  such  a  verification  and  realization  of  their 
fundamental  ideis,  theie  is,  in  the  natural  series  of  speculation,  no 
"elf-correcting  piinciple  A  philosophy  constmctfid  on  notdona  obscure, 
vague,  and  unsubstantial,  and  held  in  spite  of  the  want  of  correspond- 
ence between  its  doctrines  and  tbe  actual  train  of  physical  events,  may 
long  subsist,  and  occupy  men's  minds.  Such  a  philosophy  must  depend 
for  its  permanence  upon  the  pleasure  which  men  feel  in  tracing  the 
operations  of  their  own  and  other  men's  minds,  and  in  reducing  them 
to  logical  consistency  and  systematical  arrangement. 

In  these  cases  the  main  subjects  of  attention  are  not  external  ob- 
jecte,  but  speculations  previously  delivered;  the  object  is  not  to  inter- 
pret nature,  but  man's  mind.  The  opinions  of  the  Masters  are  the 
fects  which  the  Pisciples  endeavor  to  reduce  to  unity,  or  to  follow  into 
consequences.  A  series  of  speculators  who  pursue  such  a  course,  may 
properly  bo  termed  a  School,  and  their  philosophy  a  School  Philos- 
ophy ;  whether  their  agreement  in  such  a  mode  of  seeking  knowl- 
edge arise  from  personal  communication  and  tradition,  or  be  merely 
the  result  of  a  community  of  intellectual  character  and  propensity. 
The  two  great  periods  of  School  Philosophy  {it  will  be  recollected  that 
we  are  here  directing  our  attention  mainly  to  physical  science)  were 
that  of  the  Greeks  and  that  of  the  Middle  Ages; — the  period  of  the 
first  waking  of  science,  and  that  of  its  midday  slumber.  ( 

What  has  been  said  thus  hriefiy  and  imperfectly,  would  require  great 
detail  and  mueli  explanation,  to  give  it  its  full  significance  and  author- 
ity. But  it  seemed  proper  to  state  so  much  in  this  place,  in  order  to 
render  more  intelligible  and  more  instructive,  at  the  first  aspect,  the 
view  of  the  attempted  or  efi'eeted  progress  of  science. 

It  is,  perhaps,  a  disadvantage  inevitably  attending  an  undertaking 
like  the  present,  that  it  must  set  out  with  statements  so  abstract ;  and 
must  present  them  without  their  adequate  development  and  proof. 
Such  an  Introduction,  both  in  its  character  and  its  scale  of  execution, 
may  be  compared  to  the  geographical  sketch  of  a  country,  with  which 
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the  historiaa  of  its  foituues  often  begins  his  narration.  So  mucli  of 
Metaphysics  is  as  necessary  to  us  as  such  a  portion  of  Geography  is  to 
the  Historian  of  an  Empire ;  and  what  has  hitherto  been  said,  is  in- 
tended as  a  slight  outline  of  the  Geography  of  that  Intellectual  World, 
of  which  we  have  here  to  study  flie  History. 

The  name  which  we  have  given  to  this  History — A  History  of  the 
Inductive  Sciences — ^has  the  fault  of  seeming  to  exclude  from  the 
rank  of  Inductive  Sciences  tliosc  which  are  not  included  in  the  His- 
tory ;  as  Ethnology  and  Glossology,  Political  Economy,  PsycJiology. 
This  exclusion  I  by  no  means  wish  to  imply ;  but  I  could  find  no  other 
way  of  compendiously  describing  my  subject,  which  was  intended  to 
comprehend  those  Sciences  in  which,  by  the  observation  of  facts  and 
the  use  of  reason,  systems  of  doctrine  have  been  established  which  are 
universally  received  as  truths  among  thoughtful  men ;  and  which  may 
therefore  be  studied  as  examples  of  the  manner  in  which  truth  is  to 
he  discovered.  Perhaps  a  more  esaet  description  of  the  work  would 
have  been,  A  Hiuory  of  ike  principal  Sciences  hitherto  eslablisked  by 
Induction.  I  may  add  that  I  do  not  include  in  the  phrase  "  Inductive 
Sciences,"  the  branches  of  Pure  Mathematics  (Geometry,  Arithmetic, 
Algebra,  and  the  like),  because,  as  I  have  elsewhere  stated  (Phil.  Ind. 
Sc,  book  ii.  c,  1),  these  are  not  Inductive  but  Seductive  Sdences. 
They  do  not  infer  true  theories  from  observed  facts,  and  more  general 
from  more  limited  laws  :  tut  they  trace  the  conditions  of  all  theory, 
the  properties  of  space  and  number ;  and  deduce  results  from  ideas 
without  the  aid  of  experience.  The  History  of  these  Sciences  is  briefly 
given  in  Chapters  13  and  14  of  the  Second  Book  of  the  Philosophy 
just  referred  to. 


I  may  further  add  that  the  other  work  to  which  I  refer,  the  Philos- 
ophy of  the  Ind'mtive  Sciences,  is  in  a  great  measure  historical,  no  less 
than  the  present  History.  That  work  contains  the  history  of  the 
Sciences  so  far  as  it  depends  on  Ideas  ;  the  present  work  contains  the 
history  so  far  as  it  depends  upon  Observation.  The  two  works  resulted 
simultaneously  from  the  same  examination  of  the  principal  writers  on 
science  in  al!  ages,  and  may  serve  to  supplement  each  other. 
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Tit  ii  Kleiuves  KpnTtpat;  iidiia,/- 
ns  inter  JAoi;; 

'Eirri  i'  i^^6Xco 

Kfciinaar  dytipat  €irtp9ti' 

^ApX'^S  ip  trp^im^  narlp  OipavlSav 
•Eyxwlpavrov  Zova,  koI  ri.ruF-5fimj[ 
Kvfidruv  ^hac,  ivlttat  t'  ItiXu, 

Fjnoar.  F^&.  iv.  121,  349. 

Whence  came  tlicit  voyage  ?  them  what  peril  held 
With  adamantine  rivets  firmly  hound  ? 

Tho  anchor  was  hung  up, 
Then  took  the  Leader  on  the  pro.w 

In  hands  a  golden  eup. 
And  on  great  Father  Jove  did  call, 
And  on  the  Winds  and  Waters  all, 

Swept  by  the  hurrying  blast ; 
And  on  the  Nights,  and  Ocean  Ways, 
And  on  the  fiiir  auepidous  Days, 

And  loved  retnm  at  last. 
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Prelude  to  the  Greek  School  Philosophy. 

Sect.  1. — First  Attempts  of  the  Speculative  Faculty  in  Physical 
Inquiries, 

AT  an  early  perind  of  hi&toiy  there  appeared  in  men  a  propensity  to 
pursue  speculative  inquiries  concerning  the  various  parts  and 
properties  of  the  material  world.  What  they  saw  excited  them  to 
meditate,  to  conjecture,  and  to  reason ;  they  endeavored  to  account 
tor  natural  events,  to  trace  their  causes,  to  reduce  them  to  their  prin- 
ciples. This  habit  of  mind,  or,  at  least  that  modiScation  of  it  which 
we  have  here  to  consider,  seems  to  have  been  first  unfolded  among  the 
Greets,  And  during  that  obscure  introductory  interval  which  elapsed 
while  the  speculative  tendencies  of  men  were  as  yet  hardly  disentangled 
from  the  practical,  those  who  were  most  eminent  in  such  inquiries 
were  distinguished  by  the  same  term  of  praise  which  is  applied  to 
sagacity  in  matters  of  action,  and  were  called  wise  men — rfoipoj'.  But 
when  it  came  to  be  cleariy  felt  by  such,  porsons  that  their  endeavors 
were  suggested  by  the  love  of  knowledge,  a  motive  different  from  the 
motives  which  lead  to  the  wisdom  of  active  life,  a  name  was  adopted 
of  a  mora  appropriate,  as  well  as  of  a  more  modest  signification,  and 
they  were  termed  philosophers,  or  lovers  of  wisdom.  This  appellation 
is  said'  to  have  been  first  assumed  by  Pythagoras,  Tet  he,  in  Herod- 
otus, instead  of  having  this  title,  is  called  a  powerful  sophist — 'EXX^vuu 
oii  f^  A(fSsvsa<r&TU  ffo^io'T^''  IluSa-yifj] ;'  the  historian  using  this  word, 
as  it  would  seem,  without  intending  to  imply  that  misnae  of  reason 
which  the  term  afterwards  came  to  denote.   The  historians  of  Uterature 
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placed  Pjtliagoras  at  the  origin  of  the  Italic  School,  one  of  tte  two 
main  lines  of  succession  of  the  early  Greet  philosophers :  but  the 
other,  the  Ionic  School,  which  more  pecuKarly  demands  our  attention, 
in  conset[uence  of  its  character  and  auhscqueat  progress,  is  deduced 
from  Thales,  who  preceded  the  age  of  Philosophy,  and  was  one  of  the 
sophi,  or  "wise  men  of  Greece." 

The  Ionic  School  was  succeeded  in  Greece  by  several  others ;  and 
tho  subjects  which  occupied  the  attention  of  these  schools  became  very 
extensive.  In  fact,  the  first  attempts  were,  to  form  systems  which 
should  explain  the  laws  and  causes  of  the  material  universe ;  and  to 
these  were  soon  added  all  the  great  questions  which  our  moral  condi- 
tioa  and  faculties  suggest  The  physical  philosophy  of  tJiese  schools 
is  especially  deserving  of  our  study,  as  exhibiting  the  character  and 
fortunes  of  the  most  memorable  attempt  at  universal  knowledge  which 
has  ever  been  made.  It  is  highly  instructive  to  trace  the  principles 
of  this  undertaking ;  for  the  course  pursued  was  certainly  one  of  the 
most  natural  and  tempting  which  can  be  imagined;  the  essay  was 
made  by  a  nation  uneijualled  in  fine  mental  endowments,  at  the  period 
of  its  greatest  activity  and  vigor;  and  yet  it  must  be  allowed  (for,  at 
least  so  far  as  physical  science  is  concerned,  none  will  contest  this),  to 
have  been  entirely  unsuccessful.  We  cannot  consider  otherwise  than 
as  an  utter  failure,  an  endeavor  to  discover  the  causes  of  things,  of 
which  tie  most  complete  results  are  the  Aristotelian  physical  treatises ; 
and  which,  after  reaching  the  point  which  these  treatises  mark,  left 
the  human  mind  to  rernaau  stationary,  at  any  rate  on  all  such  subjects, 
for  nearly  two  thousand  years. 

The  early  philc«ophers  of  Greece  entered  upon  the  work  of  physical 
speculation  in  a  manner  which  showed  the  vigor  and  confidence  of  the 
questioning  spirit,  as  yet  untamed  by  labors  and  reverses.  It  was  for 
later  ages  to  learn  that  man  must  acquire,  slowly  and  patiently,  letter 
by  letter,  the  alphabet  in  which  nature  writes  her  answers  to  such  in- 
quiries. The  first  students  wished  to  divine,  at  a  single  glance,  the 
whole  import  of  her  boot.  They  endeavored  to  discover  the  origin 
and  principle  of  the  universe;  according  to  Thales,  -water  was  the  ori- 
gin of  all  things,  according  to  Anasimenes,  air  ;  and  Heraclitus  con- 
sidered fire  as  the  essential  principle  of  the  universe.  It  has  been  con- 
jectured, with  great  plausibility,  that  this  tendency  to  give  to  their 
Philosophy  the  form  of  a  Cosmogony,  was  owing  to  the  influence  of 
the  poetical  Cosmogonies  and  Theogonies  which  had  been  produced 
and  admired  at  a  still  earlier  age.     Indeed,  such  wide  and  ambitious 
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doctrines  as  tlioae  whioli  have  been  mentioned,  were  better  suited  to 
the  dim  magnificenco  of  poetry,  t!iaa  to  the  purpose  of  a  philosophy 
which  was  to  bear  the  sharp  scrutiny  of  reason.  When  we  speak  of 
the  principles  of  things,  the  term,  even  now,  ia  very  ambiguous  and 
indefinite  in  its  imporf,  but  how  much  more  was  that  the  case  in  the 
first  attempts  to  use  such  abstractions !  The  term  which  is  commonly 
used  in  this  sense  {^fx^),  signified  at  first  ike  beginning  ;  and  in  its 
early  philosophical  applications  implied  some  obscure  raised  reference 
to  the  mechanical,  chemical,  organic,  and  historical  causes  of  the  visible 
state  of  things,  besides  the  theologicarviews  which  at  this  period  were 
only  just  beginning  to  be  separated  from  the  physical.  Hence  we  are 
not  to  be  surprised  if  the  sources  from  which  the  opinions  of  this  period 
appear  to  be  derived  are  rather  vague  suggestions  and  casual  analogies, 
than  any  reasons  which  will  bear  examination.  Aristotle  conjectures, 
with  considerable  probability,  that  the  doctrine  of  Thales,  according 
to  which  water  was  the  universal  element,  resulted  from  the  manifest 
importance  of  moisture  in  the  support  of  animal  and  vegetable  life.' 
But  such  precarious  analyses  of  these  obscure  and  loose  dogmas  of  early 
antiquity  are  of  small  consequence  to  our  object. 

In  more  limited  and  more  definite  esamplea  of  inquiry  concerning 
the  causes  of  natural  appearances,  and  in  the  attempte  made  to  satisfy 
men's  curiosity  in  such  cases,  we  appear  to  discern  a  more  genuine 
prelude  to  the  true  spirit  of  physical  inquiry.  One  of  the  most  remark- 
able instances  of  this  kind  is  to  be  ioMJii  in  the  speculations  which 
Herodotus  records,  relative  to  the  cause  of  the  floods  of  the  Nile. 
"  Concerning  the  nature  of  this  river,"  says  the  father  of  history,'  "  I 
was  not  able  to  learn  any  thing,  either  from  the  priests  or  from  any 
one  besides,  though  I  questioned  thera  very  pressingly.  For  the  Nile  is 
flooded  for  a  hundred  days,  beginning  with  the  summer  solstice  ;  and 
afi^r  this  time  it  diminishes,  and  is,  during  the  whole  winter,  very 
small.  And  on  this  head  I  was  not  able  to  obtaia  any  thing  satisfac- 
tory from  any  one  of  the  Egyptians,  when  I  asked  what  is  the  power 
by  which  the  Nile  is  iu  its  nature  the  reverse  of  other  rivers." 

"We  may  see,  I  think,  in  the  historian's  account,  that  the  Grecian 
mind  felt  a  craving  to  discover  the  reasons  of  things  which  other 
nations  did  not  feel.  The  Egyptians,  it  appears,  had  no  theory,  and 
felt  no  want  of  a  theory.  Not  so  the  Greeks ;  they  had  their  reasons 
to  render,  though  they  were  not  such  as  satisfied  Herodotus.     "  Some 

s  Metapli.  i.  3.  '  Herod,  ii.  19. 
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of  the  Greeks,"  lie  says,  "  wLo  iviah.  to  be  considered  great  philos- 
ophers ('EXX^vuv  TivEs  S9I-1  J^/*oi  ■•  ^ouXofiEvQi  ysviifiai  ffoipiiji),  have  pro- 
pounded three  ways  of  accounting  for  these  floods.  Two  of  them," 
he  adds,  "  I  do  not  thini  worthy  of  record,  except  just  so  far  as  to 
mention  them."  But  as  these  are  some  of  the  earliest  Greek  essays 
in  physical  philosophy,  it  will  be  worth  while,  even  at  this  day,  to 
presen-e  the  hi'ief  notice  he  has  given  of  then:,  and  his  own  reasonings 
upon  the  same  subject. 

"One  of  these  opinions  holds  that  the  Etesian  winds  [which  blew 
from  the  north]  are  the  cause  of  these  floods,  by  preventing  the  Nile 
from  flowing  into  tlie  sea."  Against  this  the  historian  reasons  very 
amply  and  sensibly.  "  Very  often  when  the  Etesian  winds  do  not 
blow,  the  Nile  is  flooded  nevertheless.  And  moreover,  if  the  Etesian 
winds  were  the  cause,  all  other  rivers,  which  have  their  course  oppo- 
site to  these  winds,  ought  to  undergo  the  same  changes  as  the  Nile ; 
which  the  rivers  of  Syria  and  Libya  so  circumstanced  do  not." 

"The  nest  opinion  is  still  more  unscientific  (o.vS'riiffTiifj.aveifrif/fi), 
and  is,  in  truth,  marvellous  for  its  folly.  This  holds  that  the  ocean 
flows  all  round  the  earth,  and  that  the  Nile  comes  out  of  the  ocean, 
and  by  that  means  produces  its  effects."  "  Now,"  says  the  historian, 
"  the  man  who  talks  about  this  ocean-river,  goes  into  the  region  of 
feble,  where  it  is  not  easy  to  demonstrate  that  he  is  wrong.  I  know 
of  no  such  river.  But  I  suppose  that  Homer  and  some  of  the  earlier 
poets  invented  this  fiction  and  introduced  it  into  their  poetry," 

He  then  proceeds  to  a  third  account,  which  to  a  modern  rcasoner 
would  appear  not  at  all  unphilosophical  in  itself  but  which  he,  never- 
theless, rejects  in  a  manner  no  less  decided  than  the  others.  "  The 
third  opinion,  though  much  the  most  plausible,  is  stil!  more  wrong 
than  the  others ;  for  it  asserts  an  impossibility,  namely,  that  the  Nile 
proceeds  from  the  melting  of  the  snow.  Now  the  Nile  flows  out  of 
Libya,  and  through  Ethiopia,  which  are  very  hot  countries,  and  thus 
comes  into  Egypt,  which  is  a  colder  la^an.  How  then  can  it  pro- 
ceed from  snow  V  He  then  offers  several  other  reasons  "  to  show,"  as 
he  says,  "to  any  one  capable  of  reasoning  on  such  subjects  (avSfi 
ys  Xayi^sgiai  ToioiJruiF  itspi  ol'iu  rE  ^ovti),  that  the  assertion  cannot  be 
true.  The  winds  which  blow  from  the  southern  regions  are  hot;  the 
inhabitants  are  black;  the  swallows  and  kites  (ijcrrvoi)  stay  in  the 
country  the  whole  year ;  the  cranes  fly  the  colds  of  Scythia,  and  seek 
their  warm  winter-quarters  there ;  which  would  not  he  if  it  snowed 
ever  so  little."     He  adds ,  another  reason,  founded  apparently  upon 
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some  limited  empirical  maxim  of  weather- wisdom  taken  from  tlie 
climate  of  Greece.  "  Libya,"  he  said,-  "  has  neither  rain  nor  ice,  and 
therefore  no  snow ;  for,  in  five  dajs  ft  a  f  11  f  w  there  must  he 
a  fell  of  rain ;  so  that  if  it  enowed  i     th  m         t  must  rain  too." 

I  need  not  ohserve  that  Herodotus  w  t  of  the  difference 

hetween  the  climate  of  high  t  1  pi  tomd 

hut  it  is  impossible  not  to  h      t     k  h  th  w  th  th       t    ty      d  th 
coherency  of  thought  displ  y  d  by  th    G     I  m     1        tt    j  nm  t 
physical  inqiiiry. 

But  I  must  not  omit  the  h  p  th       wh  h  H     d  t      J  m=elf  p 
poses,  after  rejecting  those  wh    h  h        l  1     dy  g  It  1 

not  appear  to  me  easy  to  cat  hh  tm         ghtth     tatem    t 

will  still  be  curious.   "  If,"  h       ys,  h    hsa  co  d  m     1    i 

previously  promulgated  may  xtt  dhwj  g 

so  obscure  a  matter,  I  will  t  t  why  t  mtmthtthNl 
flooded  in  summer."  This  pm  hpp  dstht  th 
oracular  brevity,  which  it  is  1  fii  ult  t  pp  th  t  h  d  d  t  t  1 
to  be  impressive.  "  In  winter  the  sun  is  carried  by  the  seasons  away 
from  his  former  course,  and  goes  to  the  upper  parts  of  Libya.  And 
there,  in  ghort,  is  the  whole  account ;  for  that  region  to  which  this 
divinity  (the  sun)  is  nearest,  must  naturally  be  most  scant  of  water, 
and  the  river-sources  of  that  country  must  he  dried  up." 

But  the  lively  and  garrulous  Ionian  immediately  relaxes  from  this 
apparent  reserve.  "To  explain  the  matter  more  at  length,"  he  pro- 
ceeds, "  it  is  thus.  The  sun  when  he  traverses  the  npper  parts  of 
Libya,  does  what  he  commonly  does  in  summer ; — he  draws  the  wal«r 
to  him  ip^ii  ^'Jt'  hmrh  to  uSup),  and  having  thus  drawn  it,  he  pushes 
it  to  the  upper  regions  (of  the  air  probably),  and  then  the  winds  take 
it  and  disperse  it  till  they  dissolve  in  moisture.  And  thus  the  winds 
which  blow  from  those  countries,  Lilis  and  Notus,  are  the  most  moist 
of  all  winds.  Now  when  the  winter  relaxes  and  the  .sua  returns  to 
the  north,  ho  still  draws  water  fivsm  all  the  rivers,  hut  they  are  in- 
creased by  showers  and  rain  torrents  so  that  they  are  in  flood  till  the 
summer  comes;  aad  then,  the  rain  failing  and  the  sun  still  drawing 
them,  they  become  small.  But  the  Nile,  not  being  fed  by  rains,  yet 
being  drawn  by  the  sun,  is,  alone  of  all  rivers,  much  more  scanty  in 
tie  winter  than  in  the  summer.  For  in  summer  it  is  drawn  like  all 
other  rivers,  but  in  winter  it  alone  has  its  supplies  shut  np.  And  in  this 
way,  I  have  been  led  ia  think  the  sun  is  the  cause  of  the  occurrence 
in  question."     We  may  remark  that  the  historian  here  appears  to 
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ascribe  tlie  inec[iiality  of  the  Nile  at  different  seasons  to  the  iafluence 
of  the  sun  upon  ita  aprings  alone,  the  other  cause  of  change,  tie  rainsi 
being  here  excluded;  and  that^  on  tliis  supposition,  the  same  relative 
effects  would  be  produced  whether  the  sun  increase  the  sources  in 
winter  by  melting  the  snows,  or  diminish  them  in  summer  by  what 
ho  calls  drawing  them  upwards. 

This  specimen  of  the  early  efforts  of  the  Greeks  in  physical  specula:- 
tions,  appears  to  me  to  apeak  strongly  for  the  opinion  that  their 
philosophy  on  suck  subjects  was  the  native  growth  of  the  Greek  mind, 
and  owed  notiing  to  the  supposed  lore  of  I^ypt  and  the  East ;  an 
opinion  wEieh  has  been  adopted  with  regard  to  tfie  Greek  Philosophy 
in  genera!  by  the  most  competent  judges  on  a  full  survey  of  the  evi- 
dence.' Indeed,  we  have  no  evidence  whatever  that,  at  any  period, 
the  African  or  Asiatic  nations  (with  the  exception  perhaps  of  the 
Indians)  ever  felt  this  importunate  curiosity  with  regard  to  tlie  definite 
application  of  the  idea  of  cause  and  effect  to  visible  phenomena ;  or 
drew  so  strong  a  line  between  a  fabulous  legend  and  a  reason  rendered ; 
or  attempted  to  ascend  to  a  natural  cause  by  classing  together  phe- 
nomena of  the  same  kind.  We  may  be  well  excused,  therefore,  for 
believing  that  they  could  not  impart  to  the  Greeks  what  they  them- 
selves did  not  possess  ;  and  so  far  as  onr  survey  goes,  p 
ophy  has  its  origin,  apparently  spontaneous  and  i: 
active  and  acute  intellect  of  Greece. 

Sect.  2, — Primitive  Mistake  in  Greek  Physical 


e  with  what  succfss  the  Greeks  followed 
the  track  into  which  they  had  thus  struck.  And  licre  we  are  obliged 
to  confess  that  they  very  soon  turned  aside  from  t!ie  right  road  to 
truth,  and  deviated  into  a  vast  field  of  error,  in  which  they  and  their 
successors  have  wandered  almost  to  the  present  time.  It  is  not  neces- 
sary here  to  inquire  why  those  faculties  which  appear  to  he  bestowed 
upon  ns  for  the  discovery  of  truth,  were  permitted  by  Providence  to 
fail  so  signally  in  answering  that  purpose ;  whether,  like  the  powers 
by  which  we  seek  our  happiness,  they  involve  a  responsibility  on  om' 
part,  and  may  be  defeated  by  rejecting  the  guidance  of  a  higher 
fiicnlty;  or  whether  these  endowments,  though  they  did  not  immedi- 

'  Thirlwall,  ffisi.  ffr.,  ii.  130;  ond,  ta  thcto  qnoted,  Eilter,  GescUAie  der  PlUos- 
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ately  lead  man  to  profound  physicjil  knowledge,  answered  some  nobler 
and  better  pnrpcse  in  hm  constitution  and  government.  The  fact  un- 
doubtedly was,  that  the  physical  philosophy  of  the  Greeks  soon  became 
trifling  and  worthless  ;  and  it  is  proper  to  point  out,  as  precisely  as  we 
can,  in  wliat  the  fundamental  mistake  consisted. 

To  explain  this,  we  may  in  the  first  place  return  for  a  moment  to 
Heiodotus's  account  of  the  cause  of  the  floods  of  the  Nile. 

The  reader  will  probably  have  observed  a  remarkable  phrase  used 
by  Herodotus,  in  his  own  explanation  of  these  inundations.  He  says 
that  the  sun  draws,  or  attracts,  the  water ;  a  metaphorical  term,  ob- 
viously intended  to  denote  some  more  general  and  abstract  conception 
than  that  of  the  visible  operatioa  which  the  word  primarily  signifies. 
This  abstract  notion  of  "  drawing"  is,  in  the  historian,  as  we  see,  very 
vague  and  loose  ;  it  might,- with  equal  propriety,  be  explained  to  mean 
what  we  now  understand  by  mechanical  or  by  chemical  attraction,  or 
pressure,  or  evaporation.  And  in  like  manner,  all  the  first  attempts 
to  comprehend  the  operations  of  nature,  led  to  the  introduction  of 
abstract  conceptions,  often  vague,  indeed,  but  not,  th.erefore,  un- 
meaning ;  such  as  motion  and  velocity,  force  and  pressure,  impetus 
and  momenttim  (f-ooni).  And  the  next  step  in  philosophizing,  neces- 
sarily was  to  endeavor  to  make  tiese  vague  abstractions  more  clear 
and  fixed,  so  that  the  logical  faculty  should  be  able  to  employ  thein 
securely  and  coherently.  But  there  were  two  ways  of  making  this 
attempt;  the  one,  by  examining  the  words  only,  and  the  thoughts 
which  they  call  up;  the  other,  by  attending  to  the  facts  and  things 
which  bring  these  abstract  terms  into  use.  The  latter,  the  method  of 
real  inquiry,  was  the  way  to  success;  but  the  Greeks  followed  the 
former,  the  verbal  or  notional  courae,  and  failed. 

If  Herodotus,  when  the  notion  of  the  sun's  attracting  the  waters 
of  rivers  had  entered  into  his  mind,  had  gone  on  to  instruct  himself, 
by  attention  to  facts,  in  what  manner  this  notion  could  be  made  more 
definite,  while  it  still  remained  applicable  to  all  the  knowledge  which 
could  be  obtained,  he  would  have  made  some  progress  towards  a  true 
solution  of  his  problem.  If,  for  instance,  he  had  tried  to  ascertain 
whether  this  Attraction  which  the  sun  exerted  upon  the  waters  of 
rivers,  depended  on  his  influence  at  their  fountains  only,  or  was  exerfed 
over  their  whole  course,  and  over  waters  which  were  not  parts  of 
rivers,  ho  would  have  been  led  to  reject  his  hypothesis ;  for  he  would 
have  found,  by  observations  sufBciently  obrious,  that  the  sun's  Attrac- 
tion, as  shown  in  such  cases,  is  a  tendency  to  lessen  all  expanded  and 
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open  collections  of  moisture,  whether  flowing  from  a  spring  or  not; 
and  it  would  then,  he  seen  fliat  this  influence,  operating  on  the  whole 
surface  of  the  Nile,  must  diminish  it  as  well  as  other  rivers,  in  sum- 
mer, and  therefore  could  not  be  the  cause  of  its  overflow.  He  would 
thus  have  corrected  his  first  loise  conjecture  by  a  real  study  of  na- 
ture, and  migbt,  in  the  course  of  his  meditations,  have  been  led  to 
available  notions  of  EvaporatJon,  or  other  natural  actions.  And,  in 
in  other  cases,  the  rude  attempts  at  esplanatioa,  which 
ise  of  the  speculative  faculty  produced,  might  have  been 
gradually  concentrated  and  refined,  so  as  to  fell  in,  both  with  the 
requisitions  of  reason  and  the  testimony  of  sense. 

But  this  was  not  the  direction  ■whi<9i  the  Greek  speculators  took. 
On  the  contrary ;  as  soon  as  they  had  introduced  into  their  philosophy 
any  abstract  and  general  conceptions,  they  proceeded  to  scrutinize 
these  by  the  internal  light  of  the  mind  alone,  without  any  longer  look- 
ing abroad  into  the  world  of  sense.  They  took  for  granted  that  phi- 
losophy must  result  from  the  relations  of  those  notions  which  are  in- 
volved in  the  common  use  of  language,  and  they  proceeded  to  seek 
their  philosophical  doctrines  by  studying  such  notions.  They  ought 
to  have  reformed  and  fixed  their  usual  conceptions  by  ObservalJon ; 
they  only  analyzed  and  expanded  them  by  Eefiection  :  they  ought  to 
have  sought  by  trial,  among  the  Ifotions  which  passed  through  their 
minds,  some  one  which  admitted  of  exact  application  to  Facts  ;  they 
selected  arbitrarily,  and,  consequently,  erroneously,  the  Notions  accord- 
ing to  which  Facts  should  be  assembled  and  arranged ;  they  ought  to 
have  collected  clear  Fundamental  Ideas  from  tte  world  of  things  by 
inductive  acts  of  thought ;  they  only  derived  I'esults  by  Deditetion 
from  one  or  other  of  their  familiar  Conceptions.' 

When  this  false  direction  had  been  extensively  adopted  by  the 
Greek  philosophers,  we  may  treat  of  it  as  the  method  of  their  Schools. 
Under  that  title  we  must  give  a  further  account  of  it. 


'  The  eonrse  by  which  the  Sciences  were  formed,  and  which  is  here  referrod  to 
OS  that  which  the  Greeks  did  «oi  follow,  is  described  in  det^  in  tbfi  PW/mpIty, 
book  s^,  Of  Use  Conalr-acHon  qf  Science. 
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CHAPTER  II. 
The  Grt.sk  School  Philosophy. 

Sect.  I. — The  general  Foundation,  of  the  Greek  School  Philosophy. 

THE  piysicaJ  philosophy  of  the  Greek  Schools  was  formed  by  look- 
ing at  the  material  ■world  througli  the  medium  of  that  common 
language  which  men  employ  to  answer  the  coramoa  occasions  of  life; 
and  by  adopting,  arbitraiily,  as  the  grounds  of  comparison  of  facts,  and 
of  inference  from  them,  notions  more  abstract  and  large  than  those 
with  which  mon  are  practically  familiar,  but  not  less  vague  and  ol:«cure. 
Such  a  philosophy,  however  much  it  might  be  systematized,  by  classi- 
fying and  analyzing  the  conceptions  which  it  involves,  could  not  over- 
come the  vices  of  its  fundamental  pnucijile  But  before  speaking  of 
these  defects,  we  must  give  some  indications  of  its  oharacter. 

I  The  propensity  to  seek  foi  principles  in  the  common  usages  of  lan- 
guage may  be  discerned  at  a  very  caily  period.  Thus  we  have  an 
example  of  it  in  a  saying  which  is  reported  of  Thales,  the  founder  of 
Greek  philosophy,'  When  ho  was  asked,  "What  is  the  greatest 
thing !"  he  replied,  "Place  ;  for  all  other  things  are  in  the  world,  but 
the  world  is  m  it."  j  In  Aristotle  we  have  the  consummation  of  this 
mode  of  speculation.  The  usual  point  from  which  he  starts  in  his  in- 
quiries is,  that  we  say  thus  or  thus  in  common  language.  Thus,  when 
he  has  to  discuss  the  question,  whether  there  be,  in  any  part  of  the 
universe,  a  Void,  or  space  in  which  there  is  nothing,  he  inquires  first 
in  how  many  senses  we  say  that  one  thing  is  in  another.  He  enumer- 
ates many  of  these  ;'  we  say  the  part  is  in  the  whole,  as  the  finger  is 
in  the  hand;  again  we  say,  the  species  is  in  the  genus,  as  man  is  in- 
cluded in  animal;  again,  the  government  of  Greece  is  in  the  king; 
and  various  other  senses  are  described  or  exemplified,  but  of  all  these 
the  most  proper  is  when  we  say  a  thing  is  m  a  vessel,  and  generally, 
in  place.  He  next  examines  what  place  is,  and  comes  to  this  conclu- 
sion, that  "if  about  a  body  there  be  another  body  including  it,  it  is  in 
place,  and  if  not,  not."    A  body  moves  when  it  changes  ifa  place ;  bnt 

1  Plat.  Conv.  S^t,  Saj),  Diog.  Liiert.  i,  35.  '  PhjsiK.  Aitsc.  iv.  3. 
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he  adds,  tiiat  if  water  be  in  a  vessel,  the  vessel  being  sit  reat,  the  pai-ts 
of  the  water  may  still  move,  for  tliey  are  included  by  each,  other  ;  so 
that  while  the  whole  does  not  change  its  place,  the  parts  may  change 
their  places  iu  a  circular  order.  Proceeding  then  to  the  question  of  a 
void,  he,  as  usual,  examines  the  different  senses  in  which  the  term  is 
used,  and  adopts,  as  the  most  proper,  plax>e  wilhout  matter, ■  with  no 
useful  result,  as  we  shall  soon  see. 

Again,'  in  a  question  concorning  mechanical  action,  he  says,  "When 
a  man  moves  a  stone  by  pushing  it  with  a  stick,  we  say  both  that  the 
man  moves  the  stone,  and  that  the  stick  moves  the  stone,  but  the  lat- 
ter more  properly." 

Again,  we  find  the  Greek  philosophers  applying  themselves  to  ex- 
tract their  dogmas  from  the  most  general  and  abstract  notions  which 
they  could  detect;  for  example, — fi'om  the  conception  of  the  Universe 
as  One  or  as  Many  things.  They  tried  to  determine  how  far  we  may, 
or  must,  combine  with  these  conceptions  that  of  a  whole,  of  parts,  of 
mimbor,  of  limits,  of  place,  of  be^nning  or  end,  of  full  or  void,  of  rest 
or  motion,  of  cause  and  effect,  and  the  like.  The  analysis  of  such  con- 
ceptions with  such  a  view,  occupies,  for  instance,  almost  the  whole  of 
Aristotle's  Treatise  on  the  Heavens,   - 

The  Dialogue  of  Plato,  which  is  entitled  Parmemdes,  appears  at 
first  as  if  its  object  were  to  show  the  futility  of  this  method  of  philos- 
ophizing ;  for  the  philosopher  whose  name  it  bears,  is  represented  as 
arguing  with  an  Athenian  named  Aristotle,^  and,  by  a  process  of 
metaphysical  analysis,  reducing  him  at  least  to  this  conclusion,  "that 
whether  One  exist,  or  do  not  exist,  it  follows  that  both  it  and  other 
things,  with  reference  to  themselves  and  to  each  other,  all  and  in  all 
respects,  both  are  and  are  not,  both  appear  and  appear  not"  Yet  the 
method  of  Plato,  so  far  as  concerns  truths  of  that  kind  with  which  we 
are  here  concerned,  was  little  more  efficacious  than  that  of  his  rival. 
It  consists  mainly,  as  may  he  seen  in  several  of  the  dialogues,  and 
especially  iu  the  Timceus,  in  the  appUcation  of  notions  as  loose  as 
those  of  the  Peripatetics;  for  example,  the  conceptions  of  the  Good, 
the  Beautiful,  the  Perfect ,  and  these  are  rendered  still  more  arbitrary, 
by  assuming  an  acquaintance  with  the  views  of  the  Creator  of  the  uni- 
verse.    The  philosophei  is  thus  led  to  maxims  which  agree  with  those 


■  PhjBic  Auao  viii  -i 
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of  the  Aristotelians,  that  there  can  be  no  yoid,  that  things  seek  their 
own  place,  and  the  like.' 

Another  mode  of  reasoning,  yery  widely  applied  in  these  attempts, 
was  the  doctrine  of  contrarieties,  in  which  it  was  assumed,  that  adjec- 
tives or  substantives  which  are  in  common  language,  or  in  some  ab- 
stract mode  of  conception,  opposed  to  each  other,  must  point  at  some 
fundamental  antithesis  in  nature,  wliieli  it  is  important  to  study.  Thus 
Aristotle'  says,  that  the  Pythagoreans,  from  the  contrasts  which 
number  suggests,  collected  ten  principles, — ^Limitfid  and  Unlimited, 
Odd  and  Even,  One  and  Many,  Eight  and  Left,  Male  and  Female,  Rest 
and  Motion,  Straight  and  Curved,  Light  and  Darkness,  Good  and  Evil, 
Square  and  Oblong.  We  shall  see  hereafter,  that  Aristotle  himself 
deduced  the  doctrine  of  Four  Elements,  and  other  dogmas,  by  opposi- 
tions of  the  same  kind. 

The  phjrsieal  speculator  of  the  present  day  will  learn  without  sur- 
prise, that  such  a  mode  of  discussion  as  this,  led  to  no  truths  of  real  or 
permanent  value.  The  whole  ma^  of  the  Greek  philosophy,  there- 
fore, shrinks  into  an  almost  imperceptible  compass,  when  viewed  with 
reference  to  the  progress  of  physical  knowledge.  Still  the  general 
character  of  this  system,  and  its  fortunes  from  the  time  of  its  founders 
t*  the  overthrow  of  their  authority,  are  not  without  their  instruction, 
and,  it  may  be  hoped,  not  without  their  interest,  I  proceed,  there- 
fore, to  give  some  account  of  these  doctrines  in  their  most  fully  devel- 
oped and  permanently  received  form,  that  in  which  they  were  presented 
by  Aristotle, 

Sect.  2. — The  4-Tistotelia.n  Physical  Philosophy. 

The  principal  physical  treatises  of  Aristotle  are,  the  eight  Books  of 
"  Physical  Lectures,"  the  four  Books  "  Of  the  Heavens,"  the  two  Eoolts 
"  Of  Production  and  Destruction :"  for  the  Book  "  Of  the  World"  is 
now  imiversally  acknowledged  to  be  spurious;  and  the  "Meteoro- 
logies," though  ftill  of  physical  explanations  of  natural  phenomena, 
docs  not  exhibit  the  doctrines  and  reasonings  of  the  school  in  so  gen- 
eral a  form ;  the  same  may  be  said  of  the  "  Mechanical  Problems." 
The  treatises  on  the  various  subjects  of  Natural  History,  "  On  Ani- 
mals," "On  the  Parts  of  Animals,"  "On  Plants,"  "On  Physiognom- 
onics,"  "On  Colore,"  "On  Sound,"  contain  an  extraordinary  accumu- 

'  Timseus,  p.  30.  '  Metapli,  1.  6. 
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lation  of  facts,  and  manifest  a  wouderful  power  of  systematizing  ;  but 
ai'e  not  ■works  which  expound  principles,  and  therefore  do  not  rec[uirc 
to  be  here  considered. 

The  Physical  Lectures  are  possibly  the  work  concerning  which  si 
well-tnowii  anecdote  is  related  by  Simplicius,  a  Greek  commentator 
of  the  sixth  century,  as  well  as  by  Plutarch.  It  is  said,  that  Alex- 
ander the  Great  wrote  to  his  former  tutor  to  this  effect ;  "  You  have 
not  done  'well  in  publishing  these  lectures;  for  how  shall  we,  your 
pupils,  excel  other  men,  if  you  make  that  public  to  all,  which  we  learnt 
from  you !"  To  this  Aristotle  is  said  to  have  replied :  "  My  Lectures 
are  published  and  not  published ;  they  wilt  be  inteOigible  to  those  who 
heard  them,  and  to  none  besides."  This  may  very  easily  be  a  story 
invented  and  circulated  among  those  who  found  the  work  beyond  their 
comprehension  ;  and  it  cannot  be  denied,  that  to  make  out  the  mean- 
ing and  reasoning  of  every  part,  wonid  be  a  task  very  laborious  and 
difficult,  if  not  impossible.  But  we  may  follow  the  import  of  a  large 
portion  of  the  Physical  Lectures  with  sufficient  clearness  to  apprehend 
the  character  and  principles  of  the  reasoning ;  and  this  is  whit  I  shall 
tudeavor  to  Jo 

The  author's  jnttoductoiy  statement  of  his  view  of  the  n^tuie  of 
philosophy  falls  in  very  doaely  \Mth  whit  has  been  &iid,  that  he  tiUi 
his  tacts  inj  geneializitions  ts  they  ire  imphed  in  the  strmture  of 
language  A\e  must  m  all  casei  proceed,"  he  says,  "from  what  la 
known  to  tthat  is  unknown"  This  will  not  be  denied,  but  we  Lin 
hardly  lollow  him  m  his  inference  He  odds,  "We  moat  proceed, 
therefore  from  universal  lo  paiticulai  And  something  of  thi=,"  he 
[msues,  may  be  seen  in  language,  for  names  signify  thin^  m  j, 
general  and  indefinite  manner,  as  circle,  and  by  defining  we  unfold 
them  mtfl  partii,ular]b  '  He  illustrates  this  by  saying,  thus  childien 
at  first  c\ll  all  mw.  father,  and  ill  women  mother,  but  afterwards 
distinguish  " 

In  accordance  with  this  view,  he  endeavors  to  settle  se\eral  of  the 
great  questions  concerning  the  umverso,  which  had  beea  stai  ted  among 
subtle  and  speculative  men,  by  unfolding  the  meaning  of  the  words 
and  phrases  which  are  applied  to  the  most  general  notions  of  things 
and  relations.  We  have  already  noticed  this  method.  A  few  examples 
will  iUnstrate  it  further  ; — Whether  there  was  or  was  not  a  void,  or 
place  without  matter,  had  already  been  debated  among  rival  sects  of 
philosophers.  The  antagonist  arguments  wore  briefly  these : — There 
must  be  a  void,  because  a  body  cannot  move  into  a  space  except  it  is 
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ei)  pU  nn  I  thtref  jre  without  a  void  there  could  be  no  motion  : — and, 
on  the  other  hind,  there  is  no  void,  for  tie  interval  between  bodies 
are  filled  with  air,  and  air  is  something.  These  opinions  tad  even 
bppn  supjortad  b\  reference  to  experiment.  On  the  one  hand,  Anax- 
agorus  and  his  hchjol  hid  shown,  that  air,  when  confined,  resisted 
compression,  by  sjueozing  i  blown  bladder,  and  pressing  down  an 
inverted  vessel  in  the  watei ;  on  the  other  hand,  it  was  alleged  that  a 
vessel  fiJl  ot  line  lahes  held  as  much  water  as  if  the  ashes  were  not 
there  which  could  only  be  explained  by  supposing  void  spaces  among 
the  ashes  Aristotle  decides  that  there  is  no  void,  on  snoh  arguments 
as  this  ' — In  a  void  theie  could  be  no  difference  of  np  and  down ;  for 
as  in  nothing  there  are  no  diiferences,  so  there  are  none  in  a  piivation 
or  negation ;  hut  a  void  is  merely  a  privation  or  negation  of  matter ; 
therefore,  in  a  void,  bodies  could  not  movo  np  and  down,  which  it  is  in 
their  nature  to  do.  It  is  easily  seen  that  such  a  mode  of  reasoning 
elevates  the  familiar  forms  of  language  and  the  intellectual  connections 
of  terms,  to  a  supremacy  over  facts ;  making  truth  depend  upon 
whether  terms  are  or  arc  not  privative,  and  whether  we  say  that 
bodies  faO  naturally.  In  such  a  philosophy  every  new  result  of  ob- 
servation would  be  compelled  to  conform  to  the  asnal  combinations  of 
phrases,  as  these  had  become  associated  by  the  modes  of  apprehension 
previously  familiar. 

It  is  not  intended  here  to  intimate  that  the  common  modes  of  ap- 
prehension, which  are  the  basis  of  common  language,  are  limited  and 
casual.  They  imply,  on  the  contraiy,  universal  and  necessary  condi- 
tions of  our  perceptions  and  conceptions ;  thus  all  things  are  neces- 
sarily apprehended  as  existing  in  Time  and  Space,  and  as  connected 
by  relations  of  Cause  and  Effect;  and  so  far  as  the  Aristotelian  phi- 
losophy reasons  from  these  assumptions,  it  has  a  real  foundation, 
though  even  in  this  case  the  conclusions  are  often  insecure.  We  have 
an  example  of  this  reasoning  in  the  eighth  Book,*  where  he  proves 
that  there  never  was  a  time  in  which  change  and  motion  did  not 
exist ;  "  For  if  all  things  were  at  rest,  the  first  motion  must  have  been 
produced  by  some  change  in  some  of  these  things ;  that  is,  there  must 
have  been  a  change  before  the  first  change ;"  and  again,  "  How  can 
before  and  after  apply  when  time  is  not  ?  or  how  can  time  be  when 
motion  is  not!  li,"  he  adds,  "time  is  a  numeration  of  motion,  and  if 
time  be  eternal,  motion  must  be  eternal."     But  he  sometimes  intro- 

'  Phyeio.  Au30,  iv,  7,  p.  21S.  '  lb.  viii.  1,  p.  258. 
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duces  principles  of  a  more  arbitrai-y  character ;  and  besides  the  genera! 
relations  of  thought,  takes  for  granted  the  ioveDtions  of  previous 
speculators ;  such,  for  instance,  iis  the  then  commonly  received  opin- 
ions eonceming  the  frame  of  the  world.  From  the  assertion  that 
motion  is  eternal,  proved  in  the  manner  just  stated,  Aristotle  proceeds 
by  a  curious  train  of  reasoning,  to  identify  this  eternal  motion  with 
the  diurnal  motion  of  the  heavens.  "There  must,"  he  says,  "be 
something  which  is  the  First  Mover :""  this  follows  from  the  relation 
of  causes  and  effects.  Again,  "Motion  mtist  go  on  constantly,  and, 
therefore,  must  be  either  continuous  or  successive.  Now  what  is  con- 
tinuOTis  is  more  properly  said  to  take  place  constantly,  than  what  is 
successive.  Also  the  continuous  is  better ;  but  we  always  suppose 
that  which  is  better  to  take  place  in  nature,  if  it  be  pussiblc.  The 
motion  of  the  First  Mover  will,  therefore,  be  continuous,  if  such  an 
eternal  motion  be  possible."  Wo  here  see  the  vague  judgment  of 
better  and  worse  introduced,  as  that  of  imiural  and  umiaiura}  was 
before,  into  physical  reasonings. 

I  proceed  with  Aristotle's  argument-'"  "  "We  have  now,  therefore, 
to  show  that  there  may  be  an  infinite  single,  continuous  motion,  and 
that  this  is  circular."  This  is,  in  fact,  proved,  as  may  readily  be  con- 
ceived, from  the  consideration  that  a  body  may  go  im  perpetually 
revolving  uniformly  in  a  circle.  And  thus  we  have  a  demunst ration, 
on  the  principles  of  this  philosophy,  that  there  is  and  must  be  a 
First  Mover,  revolving  eternally  with  a  uniform  circular  motion. 

Though  this  kind  of  philosophy  may  appear  too  trifling  to  deserve 
being  dwelt  upon,  it  is  important  for  om-  purpose  bo  far  as  to  exemplify 
it;  that  we  may  aftei'wards  advance,  confident  that  we  have  done  it  no 
injustice. 

I  will  now  pass  from  the  doctrines  relating  to  the  motions  of  the 
heavens,  to  those  which  concei'n  the  material  elements  of  the  universe. 
And  here  it  may  be  remarked  that  the  tendency  (of  which  we  are 
here  tracing  the  development)  to  extract  speculative  opinions  from  the 
relations  of  words,  must  be  very  natural  to  man;  for  the  very  widely 
accepted  doctrme  of  the  Four  Elements  which  appears  to  be  founded 
on  the  opposition  of  the  adjectives  hot  and  cold,  wet  and  dry,  is  much 
older  than  Aristotle,  and  was  probably  one  of  the  earliest  of  philosophi- 
cal dogmas.  The  great  master  of  this  philosophy,  however,  puts  the 
c  manner  than  his  predecessors. 


opinion  in  a  H 

'  Fhyaio.  Aiisc,  viii,  e,  p.  263. 
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"  We  seek,"  lie  says,"  "  the  principles  of  sensible  tilings,  that  is,  of 
tangible  bodies.  We  must  take,  therefore,  not  all  the  contrai'ietiea  of 
quality,  but  those  only  whiob  have  reference  to  the  touch.  Thus  black 
and  ■white,  sweet  and  bitter,  do  not  differ  as  tangible  qoalities,  and 
llierefore  must  be  rejected  from  our  consideration, 

"Now  the  contrarieties  of  quality  which  refer  to  the  touch  are 
these:  hot,  cold;  dry,  wet;  heavy,  light;  hard,  soft;  unctuous, 
meagre ;  rough,  smooth ;  dense,  rare."  He  then  proceeds  to  reject 
all  but  the  four  first  of  these,  for  various  reasons  ;  heavy  and  light, 
because  they  are  not  active  and  passive  quaKtiea ;  the  others,  because 
they  are  combinations  of  the  four  first,  which  therefore  he  infers  to  be 
the  four  elementary  qualities. 

""Now  in  four  things  there  are  six  combinations  of  two;  but  the 
combinations  of  two  opposites,  as  hot  and  cold,  must  be  rejected ;  we 
have,  therefore,  four  elementary  combinations,  which  agree  with  the 
four  apparently  elementary  bodies.  Fire  is  hot  and  dry ;  air  is  hot 
and  wet  (for  steam  is  air) ;  water  is  cold  and  wet,  earth  is  cold  and 
dry," 

It  may  be  remarked  that  this  disposition  to  assume  that  some  com- 
mon elementary  quality  must  exist  in  the  cases  in  which  we  habitually 
apply  a  common  adjective,  as  it  began  before  the  reign  of  the  Aristo- 
telian philosophy,  so  also  survived  its  influence.  Not  to  mention  other 
cases,  it  would  be  difBcult  to  free  Bacon's  Inquisttio  in  nafuram  calidi, 
"Examination  of  the  nature  of  heat,"  from  the  charge  of  confounding 
together  very  different  chisses  of  phenomena  under  Ihe  cover  of  the 
word  hot. 

Tie  correction  of  these  opinions  concerning  the  elementary  com- 
position of  bodies  belongs  to  an  advanced  period  in  the  history  of 
physical  knowledge,  even  after  the  revival  of  its  progress.  But  there 
are  some  of  the  Aristotelian  doctnnes  which  particularly  deserve  our 
attention,  from  the  prominent  share  they  had  in  the  very  first  begin- 
nings of  that  revival;  I  mean  the  doctrines  concerning  motion. 

These  are  still  founded  upon  the  same  mode  of  reasoning  from  adjec- 
tives ;  but  in  this  case,  the  result  follows,  not  only  from  the  opposition 
of  the  words,  but  also  from  the  distinction  of  their  being  ahsolutely  or 
relatively  true.  "Former  writers,"  says  Aristotle,  "have  considered 
heavy  and  light  relatively  only,  taking  cases,  whore  both  things  have 
weight,  but  one  is  lighter  than  the  other;  and  they  imagined  that,  in 

"  De  Gen.  et  Corrupt,  ii,  9.  ''  lb.  Hi.  B. 
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this  way,  they  defined  what  was  absolutely  {^Xwj)  heavy  and  light," 
We  now  know  that  things  which  rise  by  their  hghtness  do  so  only 
because  they  are  pressed  upwards  by  heavier  surrounding  bodies ;  and 
this  assTimpfion  of  absolute  levity,  which  is  evidently  gratuitous,  or 
rather  merely  nominal,  entirely  vitiated  the  whole  of  the  succeeding 
lessoning.  The  inference  was,  that  fire  must  be  absolutely  light, 
since  it  tends  to  take  ifa  place  above  the  other  ttree  elements ;  eai-th 
absolately  heavy,  since  it  tends  to  take  its  place  below  fire,  air,  and 
water.  The  philosopher  argued  aiso,  with  great  acatcness,  that  air, 
which  tends  to  take  its  place  below  fire  and  above  water,  must  do  so 
by  its  nature,  and  not  in  virtue  of  any  combination  of  heavy  and 
light  elements.  "  For  if  air  were  composed  of  the  parts  which  give 
fire  its  levity,  joined  with  other  parts  which  produce  gravity,  we  might 
assume  a  quantity  of  air  so  large,  that  it  should  be  lighter  than  a  small 
quantity  of  fire,  having  more  of  the  light  parts."  It  thus  follows  that 
each  of  the  four  elements  tends  to  its  own  place,  fire  being  the  highest, 
air  the  neit,  water  the  next,  and  earth  the  lowest. 

The  whole  of  this  train  of  errors  arises  from  fallacies  which  have  a 
verbal  origin ; — from  considering  light  as  opposite  to  heavy ;  and  from 
considering  levity  as  a  quality  of  a  body,  instead  of  regarding  it  as 
the  effect  of  surrounding  bodies. 

It  is  worth  while  to  notice  that  a  difficulty  which  often  embarrasses 
persons  on  their  entrance  upon  physical  speculations, — the  difficulty 
of  conceiving  that  up  and  down  are  different  directions  in  different 
places, — hail  been  completely  got  over  by  Aristotle  and  the  Greek 
philosophei's.  They  were  steadily  convinced  of  the  roundness  of  the 
earth,  and  saw  that  this  truth  led  to  the  conclusion  that  all  heavy 
bodies  tend  in  converging  directions  to  the  centre.  And,  they  added, 
as  the  heavy  tends  to  the  centre,  the  light  fends  to  the  exterior,  "  for 
Exterior  is  oppositfl  to  Centre  as  heavy  is  to  light"" 

The  tendencies  of  bodies  downwards  and  upwards,  their  weight, 
their  fall,  their  floating  or  sinking,  were  thus  awioanted  for  in  a  man- 
ner which,  however  unsound,  satisfied  the  greater  part  of  the  specula- 
tive world  till  the  time  of  Galileo  and  Stevinus,  though  Archimedes 
in  the  mean  time  published  the  true  theory  of  floating  bodies,  which 
is  very  different  from  that  above  stated.  Other  pai'ts  of  the  doctrines 
of  motion  were  delivered  by  the  Stagirit«  in  the  same  spirit  and  with 
the  same  success.     The  motion  of  a  body  which  is  thrown  along  the 
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ground  diminishes  and  fiQally  ceases;  the  motion  of  a  body  which 
falls  from  a  height  goes  on  becoming  qnicker  and  quicker ;  this  was 
accounted  for  on  the  usual  principle  of  opposition,  by  saying  that  the 
former  is  a  violent,  the  latter  a  natural  motion.  And  the  later  writers 
of  this  school  expressed  the  characters  of  such  motions  in  verse.  The 
rule  of  natural  motion  was'* 


And  of  violent  motion,  the  law  v 


It  appears  to  have  been  considered  by  Aristotle  a  difficult  problem 
to  explain  why  a  stone  thrown  from  the  hand  continues  to  move  for 
EOme  time,  and  then  stops.  If  the  hand  was  the  cause  of  the  motion, 
how  could  the  stone  move  at  all  when  left  to  itself!  if  not,  why  does 
it  ever  stop  ?  And  he  answers  this  difficulty  by  sayiog,"  "  that  there  is 
a  motion  communicated  to  the  air,  the  successive  parts  of  which  urge 
the  stone  onwards  ;  and  that  each  part  of  this  medium  continues  to 
act  for  some  while  after  -it  has  been  acted  on,  and  the  motion  ceases 
when  it  comes  to  a  particle  which  cannot  act  after  it  has  ceased  to  be 
acted  on."  It  will  be  readily  seen  that  the  whole  of  this  difficulty, 
concerning  a  body  which  moves  forward  and  is  retajded  till  it  stops, 
arises  from  ascribing  the  retardation,  not  to  the  real  cause,  the  sur- 
rounding resistances,  but  to  the  body  itself. 

One  of  the  doctiiues  which  was  the  subject  of  the  warmest  discus- 
sion between  the  detenders  an  1  opposers  ot  Austotle,  at  tlio  revival  of 
physical  knowledge,  was  that  m  whiih  he  asseits,'"  "  That  l«>dy  is 
heavier  than  another  which  m  an  equal  bulk  moies  downward 
quicker"  The  opinion  m-uninined  by  the  Arisotelnns  at  the  time  of 
Galileo  was  thit  bodies  fall  quitter  ex-ictly  m  proportion  to  their 
weight  The  mastei  him^elt  aifserts  this  in  express  teims,  and  reasons 
upon  it'  Yet  m  another  pa=aag6  he  appears  to  distinguish  between 
weight  and  actual  motion  downwirds'*  '  In  physiis,  we  call  bodies 
heavy  and  light  fiom  their  ^wwm-  of  motion  ,  but  these  names  ire  not 
ipplied  to  then  actual  operations  [hi^SMig)  except  iny  one  thinks 

"  Alateil.  Euoyc.  torn.  i.  ji,  es?.    "  Phya.  Auao.  vni.  10.    "  De  Ctalo,  iv.  l,  p.  808. 
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momentum  (pow^i)  to  be  a  word  of  both  applications.  But  heavy  and 
light  are,  as  it  were,  tie  embers  or  sparks  of  motion,  and  therefore 
proper  to  be  treated  of  here." 

The  distinction  just  alluded  to,  between  Power  or  Faculty  of  Action, 
and  actual  Operation  or  Energy,  is  one  very  frequently  referred  to  by 
Aristotle ;  and  though  not  by  any  means  useless,  may  easily  be  so 
used  as  to  lead  to  mere  verbal  refliiements  instead  of  substantial 
knowledge. 

The  Aristotelian  distinction  of  Causes  has  not  any  very  immediate 
bearing  upon  the  parts  of  physics  of  which  we  have  here  mainly 
spoken  ;  but  it  was  so  extensively  accepted,  and  so  long  retained,  that 
it  may  bo  proper  to  notice  Jt.'^  "  One  tind  of  Cause  is  the  matter 
of  which  any  thing  is  made,  as  bronze  of  a  statue,  and  silver  of  a 
vial ;  another  is  the  form  and  pattern,  as  tho  Cause  of  an  octave  is 
the  ratio  of  two  to  one  ;  again,  there  is  the  Cause  which  is  the  origin 
of  the  production,  as  the  father  of  the  child ;  and  again,  there  is  the 
End,  or  that  for  the  sake  of  which  any  thing  is  done,  as  health  is  the 
cause  of  walking."  These  four  kinds  of  Cause,  tho  maUrial,  the/orTOaZ, 
the  efficient,  and  the^na^,  were  long  leading  points  in  all  speculative 
inquiries ;  and  our  familiar  forms  of  speech  still  retain  traces  of  the 
influence  of  this  division. 

It  is  my  object  here  to  present  to  the  reader  in  an  intelligible  shape, 
the  principles  and  mode  of  reasoning  of  the  Aristotelian  philosophy, 
not  its  results.  If  this  were  not  the  case,  it  would  be  easy  to  excite  a 
smile  by  insulating  some  of  the  passages  which  are  most  remote  from 
modern  notions,  I  will  only  mention,  as  specimens,  two  such  passages, 
both  very  remarkable. 

In  the  beginning  of  the  book  "  On  the  Heavens,"  he  proves*"  the 
world  to  be  perfect,  by  reasoning  of  the  following  kind :  "  The  bodies 
of  which  the  world  is  composed  are  solids,  and  therefore  have  three 
dimensions :  now  three  is  the  most  perfect  number  ;  it  is  tho  first  of 
numbers,  for  of  one  we  do  not  speak  as  a  number ;  of  tvm  we  say 
both  ;  but  three  is  the  first  number  of  which  we  say  all  ;  moreover,  it 
has  a  beginning,  a  middle,  and  an  end." 

The  reader  will  still  perceive  the  verbal  foundations  of  opinions  thus' 
supported. 

"  The  simple  elements  must  have  simple  motions,  and  thus  fire  and 
air  have  their  natural  motions  upwards,  and  water  and  earth  have 

'■  riiys.  ii.  8.  »"  De  Ccelo,  i.  1. 
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their  natural  motions  downwards ;  but  besides  these  motions,  there  is 
inotioTi  in  a  circle,  which  is  unnatural  to  these  elements,  but  which  la 
a  more  perfect  motion  than  the  other,  because  a  circle  is  a  perfect  line, 
and  a  straight  line  is  not ;  and  there  must  be  something  to  which  this 
motion  is  natural,  From  this  it  is  evident,"  he  adds,  with  obvious 
animation,  "  that  there  is  some  essence  of  body  different  from  those  of 
the  four  elements,  more  divine  than  those,  and  superior  to  them.  If 
things  which  move  in  a  circle  move  contrary  to  nature,  it  is  marvel- 
lous, or  rather  absurd,  that  this,  the  unnatural  motion,  sKould  alone  be 
continuous  and  eternal ;  foi'  imnatural  motions  decay  speedily.  And 
so,  from  all  this,  we  must  collect,  that  besides  the  four  elements  which 
we  have  here  and  about  us,  there  is  another  removed  far  off,  and  the 
more  excellent  in  proportion  as  it  is  more  distant  from  us."  This  fiffli 
element  was  the  "  quinia  essentia,"  of  after  writers,  of  which  wo  have  a 
trace  in  our  modern  literature,  in  the  word  quintessence. 

Sect.  8. — Technical  Forms  of  the  Greek  Schools. 

We  have  hitherto  considered  only  the  principle  of  the  Greek  Physics; 
which  was,  as  we  have  seen,  to  deduce  its  doctrines  by  an  analysis  of 
tiie  notions  which  common  language  involves.  But  though  the  Grecian 
philosopher  began  by  studying  words  in  their  common  meanings,  he 
soon  found  himself  led  to  fix  upon  some  special  shades  or  applications 
of  these  meanings  as  the  permanent  and  standard  notion,  which  they 
were  to  express ;  that  is,  he  made  his  language  technical.  The  inven- 
tion and  estabhshment  of  technical  terms  is  an  important  step  in  any 
philosophy,  true  or  false ;  we  must,  therefore,  say  a  few  words  on  this 
process,  as  exempUfied  in  the  ancient  systems, 

1.  Technical  Worms  of  the  Aristotelian  Philosophy. — We  have 
already  had  occasion  to  cite  some  of  the  distinctions  introduced  by 
Aristotle,  which  may  be  considered  as  technical ;  for  instance,  the 
classification  of  Causes  as  material,  foimal,  e^cient,  anifnal;  and  the 
opposition  of.  Qnalities  as  ahsolute  and  relative.  A  few  more  of  the 
mcffit  important  examples  may  suffice.  An  analysis  of  objects  iato 
Matter  and  Form,  when  metaphorically  extended  from  visible  objects 
to  things  conceived  in  the  most  general  manner,  became  an  habitual 
hypothesis  of  the  Aristotelian  school.  Indeed  this  metaphor  is  even 
yet  one  of  the  most  significant  of  those  which  wo  can  employ,  to  sug- 
gest one  of  the  most  comprehensive  and  fundamental  antitheses  with 
which  philosophy  has  to  do ; — the  opposition  of  sense  and  reason,  of 


Ho.ted  by  Google 


74  THE    GREEK   SCHOOL   PHILOSOPHY. 

impressions  and  laws.  In  this  application,  the  German  philosophers 
have,  up  to  the  present  time,  rested  npou  this  distinction  a  great  pait 
of  the  weight  of  their  systems  ;  as  when  Eant  says,  that  Space  and 
"fime  are  the  Forms  of  Sensation.  Even  in  our  own  language,  we 
retain  a  trace  of  the  influence  of  this  Aristotelian  notion,  in  the  word 
Information,  when  used  for  that  knowledge  which  may  be  conceived 
as  moulding  the  miad  info  a  definite  shape,  instead  of  leaving  it  a 
mere  mass  of  unimpressed  susceptibility. 

Another  favorite  Aristotelian  antithesis  is  that  of  Power  and  Act 
[Sivaji^is,  IvifZ/Bici),  This  distinction  is  made  the  basis  of  most  of  the 
physical  philosophy  of  the  school;  being,  however,  generally  intro- 
duced with  a  peculiar  limitation.  Thus,  Light  is  defined  to  be  "the 
Act  of  what  is  lucid,  as  being  lucid.  And  if,"  it  is  added,  "  the  lucid 
be  so  in  power  but  not  in  act,  we  have  darkness."  The  reason  of  the 
limitation,  "aa  being  lucid,"  is,  that  a  lucid  body  may  act  in  other 
ways ;  thus  a  torch  may  move  as  well  aa  shine,  but  its  moving  is  not 
its  act  OS  heinff  a  ludd  body. 

Aristotle  appears  to  be  well  satisfied  with  this  explanation,  for  he 
goes  on  to  say,  "  Thus  light  is  not  Fire,  nor  any  body  whatever,  or  the 
emanation  of  any  body  (for  that  would  be  a  kind  of  body),  bnt  it  is 
the  presence  of  something  like  Fire  in  the  body ;  it  is,  however,  im- 
possible that  two  bodies  should  exist  in  the  same  place,  so  that  it  is 
not  a  body ;"  and  this  reasoning  appears  to  leave  him  moro  satisfied 
with  his  doctrine,  that  Light  is  an  Energy  or  -lei 

But  we  have  a  more  distinctly  technical  fcr  n  given  t  this  not  on 
Aristotle  introduced  a  word  formed  by  himself  to  exp  e  s  tie  act 
which  is  thus  opposed  to  inactive  power :  this  the  el  1  ated  word 
^uteX^iio.  Thus  the  noted  definition  of  Mot  on  n  the  th  rd  1  ook 
of  the  Physics,"  is  that  it  is  "  the  Snteleeky  or  Act  ol  novable 
body  in  respect  of  being  movable ;"  and  the  d  fin  tion  ot  the  So  I 
that  it  is  "  the  Entelechy  of  a  natural  body  which  has  1  te  by  reason  of 
its  power."  This  word  has  been  variously  translated  by  the  ioUoTior 
of  Aristotle,  and  some  of  them  have  declared  it  untrmsl  t<hle  \ct 
and  Action  are  held  to  be  inadequate  substitutes  the  very  act  pse 
curms  actianis,  is  employed  by  some ;  primus  actus  s  e  nj  I  yed  by 
many,  but  another  school  use  primus  actus  of  a  non  operat  ng  form 
e^cacia.  Cicero"  translates  it  "  q  as  q  anlim  ont  nn 
1  motionem,  et  pereanem;"  but  this  paraph  i  e  though    t  may 

SI  Phya.  iii.  1,  "  Ds  Animd,  ii.  I.  TO 
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fall  in  with,  tte  desci'iption  of  tlie  aoul,  ivHeb  is  the  subjoct  ivitli  which 
Cicero  is  concerned,  does  Dot  appear  to  agree  with  the  general  appli- 
cations of  the  term.  Hermolans  Barbaitis  is  said  to  have  been  so 
much  oppressed  with  tkis  diffloulty  of  translation,  that  he  consulted 
the  evil  spirit  hy  flight,  entreating  to  be  supplied  witJi  a  more  com- 
mon and  familiar  substitute  for  this  word :  the  mocking  fiend,  how- 
ever, suggested  only  a  word  equally  obscure,  and  the  translator,  discon- 
tented with  this,  invented  for  himself  the  vrord  per/eclikahia. 

We  need  not  here  notice  ll  e  Hess  apparatus  of  technicalities 
which  was,  in  later  days,  iuti  1  i  nto  the  Aristotelian  philosophy ; 
but  we  may  remark,  that  tl  e  1  ng  oni  uance  and  extensive  use 
show  US  how  powerfid  techn  cal  phraseology  is,  for  the  perpetuation 
either  of  truth  or  error.  The  Ar  stotel  an  terms,  and  the  metaphysical 
views  which  they  tend  to  preserve  i  e  not  jet  extinct  among  us.  In 
a  very  recent  age  of  our  literature  it  was  thought  a  woilJiy  employ- 
ment by  some  of  the  greatest  writers  of  the  day,  to  attempt  to  expel 
this  system  of  technicalities  by  ridicule. 

"Crambe  regretted  extremely  that  substantial  forms,  a  race  of 
harmlesa  beings,  which  had  lasted  for  many  years,  and  afforded  a  com- 
fortable subsistence  to  many  poor  philosophers,  should  now  be  hunted 
down  like  so  many  wolves,  without  a  possibility  of  retreat.  He  con- 
sidered that  it  had  gone  much  harder  with  them  tian  with  essences, 
which  had  retired  from  the  schools  into  the  apothecaries'  shops,  where 
some  of  them  had  been  advanced  to  the  degree  of  quintessences?* 

We  must  now  say  a  few  words  on  the  technical  terms  which  others 
of  the  Greek  philosophical  sects  introduced. 

2.  Technical  Forms  of  the  Plalonists. — ^The  other  sects  of  the 
Greek  philosophy,  as  well  as  the  Aristotelians,  invented  and  adopted 
technical  terms,  and  thus  gave  fixity  to  their  tenets  and  consistency  to 
their  traditionary  systems ;  of  these  I  will  mention  a  few. 

A  technical  expression  of  a  contemporaiy  school  has  acquired  per- 
haps greater  celebrity  than  any  of  the  terms  of  Aristotle.  I  jnean  the 
Ideas  of  Plato.  The  account  which  Aristotle  ^ves  of  the  origin  of 
these  will  serve  to  explain  their  nature.'*  "  Plato,"  says  he,  "  who,  in 
his  youth,  was  in  habits  of  communication  first  with  Cratylus  and  the 
Heraclitean  opinions,  which  represent  all  the  objects  of  sense  as  being 
in  a  perpetual  flux,  so  that  concerning  these  no  sdenee  nor  certain 

"  Martinus  SariWeruB,  oup.  vii. 

'=  Arist.  Metapli.  i.  6.  The  earne  aeooiint  is  repeated,  and  the  subject  diaeugsed, 
Metapli.  xii.  4. 
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knowledge  can  exist,  euturtained  tlio  same  opinions  at  a  later  period 
also.  When,  afterwards,  Socrates  treated  of  moral  subjects,  and  gave 
no  attention,  to  physics,  but,  in  tlie  subjects  which  he  did  discuss, 
arrived  at  universal  truths,  and  before  any  man,  turned  his  thoughts 
to  definitions,  Plato  adopted  similar  doctrines  on  this  subject  also ; 
and  construed  them  in  this  way,  that  these  truths  and  definitions  must 
be  applicable  to  something  else,  and  not  to  sensible  things  :  for  it  was 
impossible,  he  conceived,  that  there  should  be  a  general  common  defi- 
nition of  any  sensible  object,  since  such  were  always  in  a  state  of 
change.  The  things,  then,  which  were  the  subjects  of  universal  truths 
he  called  Ideas;  and  held  that  objects  of  sense  had  their  names 
according  to  Ideas  and  after  them  ;  so  that  things  participated  in  that 
Idea  wbioh  had  the  same  name  as  was  applied  to  them." 

In  agreement  with  this,  we  find  the  opinions  suggested  in  the 
I'armemdes  of  Plato,  the  dialogue  whicb  is  considered  by  many  to 
contain  the  moat  decided  exposition  of  the  doctrine  of  Ideas.  In  this 
dialogue,  Pannenides  is  made  to  say  to  Socrates,  then  a  young  man,^^ 
"0  Socrates,  philosophy  has  not  yet  claimed  you  for  her  own,  as,  in 
my  judgment,  she  will  claim  you,  and  you  will  not  dishonor  her.  As 
yet,  like  a  yonng  man  as  you  are,  jou  look  to  the  opinions  of  men. 
But  tell  me  this :  it  appears  to  you,  as  yon  say,  that  there  are  certain 
Kinds  or  Ideas  (sMi))  of  which  things  partake  and  receive  applications 
according  to  that  of  which  they  partake ;  thus  those  things  which  par- 
take of  lAJceness  are  called  like  ;  those  things  which  partake  of  Great- 
ness  are  called  gi-eat ;  those  things  which  partake  of  Beauty  and  Jtis- 
fice  are  called  heaulifal  snijust."  To  this  Socrates  assents.  And  in 
another  part  of  the  dialogue  ho  shows  that  these  Ideas  are  not  in- 
cluded in  our  common  fenowlodge,  from  whence  he  infers  that  they  are 
objects  of  the  Divine  mind. 

In  the  PBfedo  the  same  opinion  ia  maintained,  and  is  summed  up  in 
this  way,  by  a  reporter  of  the  last  conversation  of  Socrates,"  stvai  n 
SxcufTov  Tuv  EiJSu,  xai  TouTWv  r'iXXa  (AETaXa/*/3avovrH.  aiJTwu  toCtuv  r^v 
Itfuvufj^fav  "fl^siv ;  "  that  each  Kind  has  an  existence,  and  that  other 
things  partake  of  these  Kinds,  and  are  called  according  to  the  Kind  of 
which  they  partake." 

The  inference  drawn  from  this  view  was,  that  in  order  to  obtain 
true  and  certain  knowledge,  men  must  elevate  themselves,  as  mnch  as 
possible,  to  these  Ideas  of  the  qualities  which  they  have  to  consider ; 

'"'  Pnimenld.  p.  131.  ''  Phipilo,  p.  103. 
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and  as  things  were  tlius  called  aft«r  the  Ideas,  tlic  Ideas  had  a  priority 
and  pre-eminence  assigned  them.  The  Idea  of  Good,  Beautiful,  and 
Wise  was  the  "  First  Gtood,"  the  "  First  Beautiful,"  the  "  Fii-st  Wise." 
This  dignity  and  distinction  were  ultimately  cariied  to  a  large  extent. 
Those  Ideas  were  described  as  eternal  and  self-subsialing,  forming  an 
"  Intelligible  World,"  full  of  the  models  or  ai'chetypes  of  created  things. 
But  it  is  not  to  our  purpose  here  to  consider  the  Platonic  Ideas  in  their 
theological  bearings.  In  physics  they  were  applied  in  the  same  form 
as  in  morals.  The  prim-um  calidum,  pnmvrn  friffidum  were  those 
Ideas  of  fundamental  Piiociples  by  participation  of  which,  all  things 
were  hot  or  cold. 

Tliia  school  did  not  much  employ  itself  in  tJie  development  of  its 
principles  as  applied  to  physical  inquiries:  bat  we  are  not  without 
exslmplea  of  such  speculations.  Plutarch's  Treatise  Hspl  too  npiitav 
Y^-)(^fou,  "  On  the  First  Cold,"  may  be  cited  as  one.  It  ia  in  reality  a 
discussion  of  a  question  which  has  been  agitated  in  modern  times  also ; 
— whether  cold  be  a  positive  quality  or  a  mere  privation.  "Is  there, 
0  Favorinus,"  ho  begins,  "a  First  Power  and  Essence  of  the  Cold,  as 
Fire  is  of  the  Hot ;  by  a  certain  presence  and  participation  of  which 
all  other  things  are  cold  :  or  is  rather  coldness  a  privation  of  heat,  as 
darkness  is  of  light,  and  rest  of  motion !" 

3.  Tecktdcal  Forms  of  the  Pythagoreans. — The  Numbei-s  of  the 
Pythagoreans,  when  propounded  as  the  explanation  of  physical  phe- 
nomena, as  they  were,  are  still  more  obscure  than  the  Ideas  of  the  Fla- 
tonists.  There  were,  indeed,  considerable  resemblances  in  the  way  in 
which  these  two  kinds  of  notions  were  spoken  of.  Plato  called  his 
Ideas  unities,  monads  ;  and  as,  according  to  him.  Ideas,  so,  according 
to  the  Pythagoreans,  Numbers,  were  the  causes  of  things  being  what 
they  are.^  Bnt  there  was  this  difference,  that  things  shared  the  nature 
of  the  Platonic  Ideas  "  by  p-jrticipation  "  while  they  shared  the  niture 
of  Pythag      an  Kumb  by  un  t  t  M  th    Pyll 

reans  foil  w  1  th  t   n      t   nt    m    h  g     t     d      1  j  m    t  th 

any  other     hi  tnp-tlar      mb       wth      t       d      yt 

ti'ibutes, ,   d  apply]  gthmby      ryt      gadf       d        1 
Thus  the  n  mbe    F  ur  t     wh   h  th  y  ga      th    nim      i  Tl      ti/ 
was  held  to  Iw  the  most  perfect  number,  and  was  conceived  to  corre- 
spond to  the  human  soul,  in  some  way  which  appears  to  be  very  im- 
perfectly understood  by  the  commentators  of  this  philosophy. 

=8  Ariet,  Motapli.  i.  6. 
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It  has  been  observed  by  a  distinguished  modern  scliolar,^'  that  tJie 
place  which  Pythagoras  jiscribed  to  his  irambers  is  intelligible  only  by 
supposing  that  ho  confounded,  first  a  numerical  unit  with  a  geometri- 
cal point,  and  then  tiia  witk  a  material  atom.  But  this  criticism 
appears  to  place  systems  of  physical  philosopby  under  rcc[uisitioE8  too 
severe.  If  all  the  essential  properties  and  attributes  of  things  were 
fully  represented  by  the  relations  of  number,  the  philosophy  which 
supplied  such  an  explanation  of  the  univei'se,  might  well  be  excused 
from  explaining  also  that  existence  of  objects  which  is  distinct  from 
the  existence  of  ail  their  qualities  and  properties.  The  Pythagorean 
love  of  numerical  speculations  might  have  been  combined  with  the 
doctrine  of  atoms,  and  the  combination  might  have  led  to  results  well 
worth  notice.  But  so  far  as  we  are  aware,  no  such  combination  was 
attempted  in  the  ancient  schools  of  philosophy;  and  perhaps  we  of  the 
present  day  are  only  just  be^nning  to  perceive,  through  the  disclo- 
sures of  chemistry  and  crystallography,  the  iroportancc  of  such  a  line 
of  inquhy. 

i.  Technical  Forms  of  tlie  Atomists  and  Others. — The  atomic  doc- 
trine, of  which  we  have  just  spoken,  was  one  of  the  mcrat  definite  of 
the  physical  doctrines  of  the  ancients,  and  was  applied  with  most  per- 
severance and  knowledge  to  the  explanation  of  phenomena.  Though, 
therefore,  it  led  to  no  success  of  any  consec[uence  in  ancient  times,  it 
served  to  transmit,  tbroagh  a  long  series  of  ages,  a  habit  of  really  phys- 
ical inquiry;  and,  on  this  account,  has  been  thought  worthy  of  an 
historical  disquisition  by  Bacon  .*' 

The  technical  terra,  Alom,  marts  sufficiently  the  nature  of  the  opin- 
ion. According  to  this  theory,  the  world  consists  of  a  collection  of 
simple  particles,  of  one  kind  of  matter,  and  of  indivisible  smallness  (as 
the  name  indicates),  and  by  the  various  configurations  and  motions  of 
these  particles,  all  kinds  of  matter  and  all  material  phenomena  are 
produced. 

To  this,  the  Atomic  Doctrine  of  Leucippus  and  Doraocritus,  was 
opposed  the  Somoiomeria  of  Anaxagoraa;  that  is,  the  opinion  that 
maferial  things  consist  of  particles  which  are  homogeneous  in  each 
kind  of  body,  but  various  in  difierent  kinds  ;  thus  for  example,  since 
by  food  the  flesh  and  blood  and  bones  of  man  increase,  the  author  of 
this  doctrine  held  that  there  are  in  food  particles  of  flesh,  and  blood, 

ue  Dcmooriti  Philosopliia,  &o.,  Works,  vol. 
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and  bone.  As  the  foi'raei'  tenet  points  to  the  corpusculsiv  theories  of 
modern  times,  so  the  latter  may  be  considered  as  a  dim  glimpse  of  the 
idea  of  chemical  analysis.  The  Stoics  also,  who  were,  especially  at  a 
later  period,  inclined  to  materialist  views,  had  their  technical  modes  of 
speaking  on  Bnch  subjects.  They  asserted  that  matter  contained  in 
itself  tendencies  or  dispositions  fo  certain  forms,  which  dispositions 
they  called  Wyoi  ffspfianxoi,  seminal  proportions,  or  seminal  reasons. 

Whatever  of  sonnd  view,  or  right  direction,  there  might  be  in  the 
notions  which  suggested  these  and  other  technical  expressions,  was,  in 
all  the  schools  of  philosophy  (so  far  as  physics  was  concerned)  quenched 
and  overlaid  by  the  predominance  of  trifling  and  barren  speculations ; 
and  by  the  love  of  subtUizing  and  commenting  upon  the  works  of  ear- 
lier writers,  instead  of  attempting  to  interpret  the  hook  of  nature. 
Hence  these  technical  terms  served  ,to  g^ve  fixity  and  permanence  to 
the  ti'aditioaal  dogmas  of  the  sect,  but  led  to  no  progress  of  knowledge. 

The  advances  which  were  made  in  physical  science  proceeded,  not 
from  these  schools  of  philosophy  (if  we  except^  perhaps,  the  obligations 
of  the  scieuce  of  Harmonics  to  the  Pythagoreans),  but  from  reasonew 
who  followed  an  independent  path.  The  sequel  of  the  ambitious 
hopes,  the  vast  schemes,  the  confident  undertakings  of  the  philosophers 
of  ancient  Greece,  was  an  entire  failure  in  the  physical  knowledge  of 
which  it  is  our  business  to  trace  the  history.  Yet  we  are  not,  on  that 
account,  to  think  slightingly  of  these  early  speculators.  They  were 
men  of  extraordinary  acuteness,  invention,  and  range  of  thonght;  and, 
above  all,  they  had  the  merit  of  first  completely  unfolding  the  specula- 
tive faculty — of  starting  in  that  keen  and  vigorous  chase  of  knowledge 
out  of  which  all  the  subsequent  culture  and  improvement  of  man's  m- 
telleotual  stores  have  arisen.  The  sages  of  early  Greece  form  the 
heroic  age  of  science.  Like  the  first  navigators  in  their  own  mythol- 
ogy, they  boldly  ventured  their  untried  bark  in  a  distant  and  arduous 
voyage,  urged  on  by  the  hopes  of  a  supernatural  snccess  and  though 
they  missed  the  imaginary  golden  prize  which  they  sought,  they  un- 
locked the  gates  of  distant  rej;ion=,  ind  openpd  the  =eas  to  the  keels 
of  the  thousands  of  adventmers  whj  in  sui^ceeding  times,  sailed  to 
and  fro,  to  the  indefinite  incieise  cf  the  mental  tieasurei  of  mankind. 

But  inasmuch  as  their  attempts,  m  one  sense,  and  at  hrat,  failed,  we 
must  proceed  to  offer  some  account  of  this  failure,  and  of  its  nature  and 
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CHAPTER  HI. 
Failure  op  the  Physical  Philosophy  of  the  Greek  Schools. 

Sect,  1. — Hemlt  of  the  Greek  School  Phihsi^hy. 


THE  metliods  and  forma  of  pliilosophizmg  which,  we  have  described 
as  employed  hy  the  Greek  Schools,  failed  altogether  in  their  appli- 
cation to  physics.  No  discovery  of  general  Ifiws,  do  explanation  of 
special  phenomena,  rewarded  the  acuteness  and  boldness  of  these  early 
students  of  nature.  Astronomy,  which  made  considerable  progress 
during  the  oiistcBce  of  the  sects  of  Greek  philosophers,  gained  perhaps 
something  by  the  authority  with  which  Plato  taught  the  supremacy 
and  universality  of  mathematical  rule  and  order;  and  the  truths  of 
Hannonics,  which  Iiad  probably  ^ven  rise  to  the  Pythagorean  passion 
for  numbers,  were  cultivated  with  mu  h  ca  e  by  that  school.  But 
after  these  first  impulses,  the  sciences  o  d  n  th  ng  to  the  philosophi- 
cal sects ;  and  the  vast  and  complex  a  m  lat  bs  and  apparatus  of 
the  Stagirite  do  uot  appear  to  have  1  d  t  anj  th  oretical  physical 
truths. 

This  assertion  hardly  requires  pro  f,  s  n  e  n  the  existing  body  of 
science  there  are  no  doctrines  for  which  we  are  indebted  to  the  Aris- 
totelian School.  Real  truths,  when  once  established,  remain  to  tlie 
end  of  time  a  part  of  the  mental  treasure  of  man,  and  may  be  discerned 
through  all  tho  additions  of  later  days.  But  we  can  point  out  no  phys- 
ical doctrine  now  received,  of  which  we  trace  the  anticipation  in  Aris- 
totle, in  the  way  in  which  we  see  the  Copcrnican  system  anticipated 
by  Ariatarchus,  the  resolution  of  the  heavenly  appearance  into  circu- 
lar motions  suggested  by  Plato,  and  the  numerical  relations  of  musical 
intervals  ascribed  to  Pythagoras.  But  it  may  be  worth  while  to  look 
at  this  matter  more  closely 

Among  the  wo  ks  of  Ar  ototle  a  p  th  rty  e  ght  chapters  of  "  Prob- 
lens,  wl  ch  rai  scr  e  to  exemjl  fy  the  p  ogress  he  bad  really  made 
a  the  redact  on  of  phenon  eni  to  laws  a  1  ca  se  Of  these  Problems, 
i  large  \  opo  t  on  ■*  e  phys  ol  ^  cal  and  these  I  here  pass  by,  as  not 
11  strative  of  the  state  of  phy  cal  kno  led^e  But  those  which  aiu 
[   operly  pi    s  cal  I       the       o  t  ja-t  q  e  t    ns  concerning  such 
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facts  and  difficulties  as  it  is  the  peculiar  business  of  theory  to  explain. 
Now  it  may  he  ti'uly  said,  that  in  scarcely  any  one  instance  are  the 
answers,  which  Aristotle  gives  to  his  questions,  of  any  value.  For  the 
most  part,  indeed,  he  propounds  his  answer  with  a  degree  of  hesitation 
or  vacillation  wiich  of  itself  shows  the  absence  of  all  scientific  distinct- 
ness of  thought;  and  the  opinions  so  offered  never  appear  to  involve 
any  settled  or  general  principle. 

We  may  tate,  as  examples  of  this,  tlie  problems  of  the  simplest 
kind,  where  the  principles  lay  nearest  at  hand — the  mechanical  ones. 
"  Why,"  he  asks,'  "  do  small  forces  move  great  weights  by  means  of  a 
lever,  when  they  have  thus  to  move  the  lever  added  to  the  weight  ? 
Is  it,"  he  suggests,  "  because  a  greater  radius  moves  faster  S"  "  Why 
it  great  weights !°  Is  it  because  the  wedge  is 
itc  levers  1"  "Why,'  when  a  man  rises  from  a 
leg  and  his  body  to  acute  angles  with  his 
thigh !  Is  it  because  a  right  angle  is  connected  with  equality  and 
rest !"  "Why'  can  a  man  throw  a  stone  further  with  a  sling  than  with 
his  hand  3  Is  it  that  when  he  throws' with  his  hand  he  moves  the 
stone  from  rest,  but  when  he  nsos  the  sling  he  throws  it  already  in 
motion !"  "  Why,"  if  a  circle  be  thrown  on  the  ground,  does  it  first 
describe  a  straight  line  and  then  a  spiral,  as  it  falls?  la  it  tliat  the  air 
first  presses  equally  on  the  two  sides  and  supports  it,  and  afterwards 
presses  on  one  side  more  ?"  "  Why°  is  it  difficult  to  distinguish  a  mu- 
sical note  from  the  octave  above  ?  Is  it  that  proportion  stands  in  the 
place  of  equality  ?"  It  must  be  allowed  that  these  are  very  vague  and 
worthless  surmises;  for  even  if  wo  were,  as  some  commentators  have 
done,  to  interpret  some  of  them  so  as  to  agree  with  sound  philosophy, 
we  should  still  be  unable  to  pomt  1 1,  n  this  ii  thor  s  works,  any  clear 
or  permanent  apprehension  f  the  general  princq  les  which  such  an 
interpretati  n  im[  liei 

Thus  the  Viistotehin  physics  cannot  bo  consilered  ^  otherwise  than 
a  complete  failure  It  collected  no  genend  laws  Irom  facts ;  and  con- 
sequently, when  it  tned  to  exjlan  facts  it  had  no  principles  vfhich 
were  of  any  avaU 

The  same  miy  be  'iid  of  the  phys  cal  spei,nlations  of  the  other 
schools  of  philosophy.  They  amved  at.no  doctnnes  from  which  they 
could  deduce,  by  sound  reasoning,  such  facts  as  they  saw ;  though  they 
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often  veiituro  so  far  to  trust  their  principle  as  to  infer  from  tham  pvop- 
ositioTis  beyond  the  domain  of  sense.  Thus,  the  principle  that  each 
element  seeks  its  ovm  place,  led  to  the  doctrine  that,  the  place  of  fire 
being  the  highest,  there  is,  above  the  air,  a  Sphere  of  Fire — -of  which 
doctrine  the  word  Empyrean,  used  by  our  poeis,  still  conveya  a  remi- 
niscence. The  Pythagorean  tenet  that  ten  is  a  perfect  number,'  led 
some  persons  to  assume  that  the  heavenly  bodies  are  in  number  ten ; 
and  as  nine  only  were  known  to  them,  they  asserted  that  there  was  an 
antickthofi,  or  counter-earth,  on  the  other  aide  of  the  sun,  invisible  to 
us.  Their  opinions  respecting  numerical  ratios,  led  to  various  other 
speculations  concerning  tie  distaHces  and  positions  of  the  heavenly 
bodies :  and  as  they  had,  in  other  cases,  found  a  connection  between 
proportions  of  distance  and  musical  notes,  they  assumed,  on  this  sug- 
gestion, the  music  of  the  spheres. 

Although  we  shall  look  in  vain  in  the  physical  philosophy  of  tlie 
Greek  Schools  for  any  results  more  valuable  than  those  just  mentioned, 
we  shall  not  be  aurpriaed  to  find,  recolleoting  how  much  an  admiration 
for  clasMcal  antiquity  has  possessed  the  minds  of  men,  that  some  wri- 
tere  estimate  their  claims  much  more  highly  than  they  are  stated  here. 
Among  such  writers  we  may  notice  Dut«ns,  who,  in  1Y66,  published  his 
"  Origin  of  the  Discoveries  attributed  to  the  Modems ;  in  which  it  is 
shown  that  our  most  celebrated  Philosophers  have  received  the  great- 
est part  of  their  knowledge  from  the  Works  of  the  Ancients,"  The 
the^s  of  tUs  work  is  attempted  to  be  proved,  as  we  might  expect,  by 
very  large  interpretations  of  the  general  phrases  used  by  the  ancients. 
Thus,  when  Timteus,  in  Plato's  dialogue,  says  of  the  Creator  of  the 
world,'  "  that  he  infused  into  it  two  powers,  the  origins  of  motions, 
both  of  that  of  the  same  thing  and  of  that  of  different  things ;"  Du- 
tens' finds  in  this  a  clear  indication  of  the  projectile  and  attractive 
forces  of  modem  science.  And  in  some  of  the  common  declamation 
of  the  Pythagoreans  and  Platonists  concerning  the  genera!  prevalence 
of  numerical  relations  in  the  universe,  ie  discovers  their  acc[uaintance 
with  the  law  of  the  inverse  sqiiare  of  tlie  distance  by  which,  gravitation 
is  regulated,  though  he  allows'"  that  it  required  all  the  penetration  of 
Newton  and  his  followers  to  defect  this  law  in  the  scanty  fragments  by 
which  it  is  transmitted. 

Argument  of  fiis  kind  is  palpably  insufficient  to  cover  tlie  failure  of 
the  Greek  attempts  at  a  general  physical  philosophy;  or  rather  we 

'ArJECMetapt,  1.  5.  » Tim,  96.  »3dEd.  p.  8S.  '"lb,  p.  88. 
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may  say,  tiiat  such  argumeats,  since  they  are  as  good  as  can  he 
brought  in  favor  of  such  an  opinion,  show  more  clearly  how  entire  the 
failure  was.     I  proceed  now  to  endeavor  to  point  out  its  causes. 

Sect.  2. — Cause  of  the  Failure  of  the  Greek  Physical  Philosophy. 

Thb  cause  of  the  faitore  of  so  many  of  the  attempts  of  the  Greeks  to 
construct  physical  science  is  so  important,  that  we  must  endeavor  to 
bring  it  into  view  here ;  though  the  full  development  of  such  subjects 
belongs  rather  to  the  Philosophy  of  Induction.  The  subject  must,  at 
present,  be  treated  very  briefly. 

I  will  first  notice  some  errors  which  may  naturally  occur  to  the 
reader's  mind,  as  possible  causes  of  failure,  but  which,  we  shall  be  able 
to  sliovf,  were  not  the  real  reasons  in  this  case. 

The  cause  of  fsdlnra  was  not  the  neglect  of  facts.  It  is  often  said 
that  the  Greets  disregarded  experience,  and  spun  their  philosophy  ont 
of  their  own  thoughts  alone  ;  and  this  is  supposed  by  many  to  be  their 
essentia]  error.  It  is,  no  doubt,  true,  that  the  disregard  of  experience 
is  a  phrase  which  may  be  so  interpreted  as  to  express  alraoat  any  defect 
of  philosophical  method  ;  since  coincidence  with  experience  is  requi- 
site to  the  truth  of  all  theory.  Ent  if  we  fix  a  more  precise  sense  on 
our  terms,  I  conceive  it  may  be  shown  that  the  Greek  philosophy  did, 
in  its  opinions,  recognize  the  necessity  and  paramount  value  of  obser- 
vations ;  did,  in  its  origin,  proceed  upon  observed  facts ;  and  did 
employ  itself  to  no  small  extent  in  classifying  and  arranging  pbenomena. 
We  must  endeavor  to  illustrate  these  assertions,  because  it  is  important 
to  show  that  these  steps  alone  do  not  necessarily  lead  to  science. 

1.  The  acknowledgment  of  experience  as  the  main  ground  of  physi- 
cal knowledge  is  so  generally  understood  to  be  a  distinguishing  feature 
of  later  times,  that  it  may  excite  surprise  to  find  that  Aristotle,  and 
other  ancient  pliilosophers,  not  only  asserted  in  the  most  pointed  man- 
ner that  all  our  knowledge  must  begin  fix)m  experience,  but  also  stated 
in  language  much  resembling  the  habitual  phraseology  of  the  most 
modem  schools  of  philosophiang,  that  particular  facts  must  bo  col- 
lected; that  from  these,  general  principles  must  be  obtaiiied  by  induc- 
tion; and  that  these  principles,  when  of  the  most  general  kind,  are 
axioms.     A  few  passages  will  show  this. 

"The  way"  must  be  the  same,"  says  Aristotle,  in  speaking  of  the 
rules  of  reasoning,  "  with  respect  to  philosophy,  as  it  is  with  respect  to 
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iny  a  t  cr  w  lencD  wliateier ;  we  must  collect  tte  facts,  and  the  things 
to  whidi  the  tacta  happen  in  each  subject,  and  provide  as  large  a  sup- 
ply of  these  as  posable  He  then  proceeda  to  say  that  "we  are  not 
to  look  at  once  at  ill  th  s  collected  m^a,  hnt  to  consider  small  and 
dehnite  portions  And  thus  it  is  the  office  of  observation  to 

supply  principles  in  ea  h  subject ;  for  instance,  astrocomioal  observa- 
tion supplies  the  pr  nc  pies  of  astronomical  science.  For  the  phenom- 
ena being  propeily  issumed,  the  astronomical  demonstrations  were 
tFom  these  discove  e  1  And  the  same  applies  to  every  art  and 
SL  ence  So  thit  if  we  take  the  facts  {t&  iTidpxovTa)  belonging  to 
eich  subject,  it  is  oar  task  to  mark  out  clearly  the  course  of  the 
demonstrations  For  if  tn  our  natural  history  (jcara  t^  laropiav)  we 
have  omitted  nothing  of  the  fecta  and  properties  which  belong  to  the 
subject  we  shall  learn  what  we  can  demonstrate  and  what  we  cannot." 
Ihese  facls  tc  vrtapxovra,  he,  at  other  times,  includes  in  the  term 
semation  Thus  he  s'ljs''  "It  is  obvious  that  if  any  sensation  is 
wanting  there  ni  itt  le  also  some  knowledge  wanting  which  we  are 
thus  prevente  1  from  having,  since  we  arrive  at  knowledge  either  by 
in  Inction  or  by  demonstration.  Demonstration  proceeds  from  univer- 
sal propos  tionf  Ind  iction  from  particulars.  Bat  wo  cannot  have 
universal  theoret  cal  propositions  except  from  induction  ;  and  we  can- 
not make  mductions  w  th  ut  having  sensation ;  for  senaaiJon  has  to  do 
with  particulars 

In  another  place,'*  after  stating  that  principles  miBt  be  prior  to,  and 
better  known  than  conclusions,  he  distinguishes  such  principles  into 
absolutely  prior,  and  prior  relative  to  us :  "The  prior  principles,  rela- 
tive to  us,  are  those  which  are  nearer  to  the  sensataon ;  but  the  princi- 
ples absolutely  prior  are  those  which  are  more  remote  ixim  the  sensa- 
tion. The  most  general  principles  are  the  more  remote,  the  more  par- 
ticular are  nearer.  The  general  principles  which  are  necessary  to 
knowledge  are  axioms." 

We  may  add  to  these  passages,  that  in  which  he  gives  an  account 
of  the  way  in  which  Leucippua  was  led  to  the  doctrine  of  atoms. 
After  describing  the  opinions  of  some  earlier  philosophers,  he  says," 
"  Thus,  proceeding  in  violation  of  sensation,  and  disregarding  it,  be- 
cause, as  they  held,  they  must  follow  reason,  some  came  to  the  conclu- 
sion that  the  universe  was  one,  and  infinite,  and  at  rest.  As  it 
wever,  that  though  this  ought  to  bo  by  reasoning,  it 

=  Anal.  Poet  i.  18.  "  lb.  i.  3,  "  De  Gen.  ct  Cor.  i.  8. 
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would  go  near  to  midness  fo  h  11  sii  k  opinioDa  m  piictice  (lor  no 
one  was  ever  so  m'Mi  is  fo  thmL,  firo  and  ce  to  be  one)  Leucippus 
therefore,  pursued  a  Ima  of  reasoning  which  \\as  m  accordance  with 
sensation,  and  which  was  not  irrecon  ilalle  with  the  production  and 
decay,  the  mot  on  and  mult  tude  of  thin^  It  i  obvious  that  the 
school  to  which  Leueipjus  belonged  (the  Eclect  e)  must  hive  bepn  at 
least  in  its  origin  stiongly  impiessel  with  the  nucessity  of  bringing  it 
theories  into  harm  ny  with  the  observed  course  ot  mture 

2.  Nor  was  this  recognition  of  the  fundamental  value  of  experience 
a  mere  profession.  The  Greek  philosophy  did,  in  its  beginning,  pro- 
ceed upon  observation.  Indeed  it  is  obvious  that  the  principles  which 
it  adopted  were,  in  the  first  place,  assumed  in  order  to  account  for 
some  classes  of  fects,  however  imperfectly  they  might  answer  their 
purpose.  The  principle  of  things  seeking  tiieir  own  places,  was 
invented  in  order  to  account  for  the  falling  and  floating  of  bodies. 
Again,  Aristotle  says,  that  heat  is  that  which  brings  together  things 
of  the  same  kind,  cold  is  that  which  brings  together  things  whether  of 
the  same  or  of  different  kinds :  it  is  plain  that  in  this  instance  he 
intended  by  his  principle  to  explain  some  obvious  fecfa,  as  the  freezing 
of  moist  substances,  and  the  separation  of  heterogeneous  things  by 
fusion ;  for,  as  he  adds,  if  fire  brings  together  things  which  are  akin,  it 
will  separate  those  which  are  not  akin.  It  would  be  easy  to  illustrate 
the  remark  further,  but  its  truth  is  evident  from  the  nature  of  the 
case  ;  for  no  principles  could  be  accepted  for  a  moment,  which  were 
the  result  of  an  arbitrary  caprice  of  the  mind,  and  which  were  not  in 
some  measure  plausible,  and  apparentiy  confirmed  by  facts. 

But  the  works  of  Aristotle  show,  in  another  way,  how  unjust  it 
would  be  to  accuse  him  of  disregarding  facts.  Many  large  treatises  of 
his  consist  almost  entirely  of  eollections  of  facts,  as  for  instance,  those 
"On  Colors,"  "On  Sounds,"  and  the  collection  of  Problems  to  which 
we  have  already  referred ;  to  s.ij  nothing  of  the  numerous  collection 
of  facts  bearing  on  natnral  history  and  physiology,  which  form  a  great 
portion  of  his  works,  and  are  even  now  treasuries  of  information,  A 
moment's  refiection  will  convince  ns  that  the  physical  science  of  our 
own  times,  for  example,  Mechanics  and  Hydrostatics,  are  founded 
almost  entirely  upon  ^fs  with  which  the  ancients  were  aa  familiar  as 
we  are.  The  defect  of  their  philosophy,  therefore,  wherever  it  may  lie, 
conaata  neither  m  the  speculative  depreciation  of  the  value  of  facts, 
nor  in  the  practical  neglect  of  their  nse. 

.S.  Nor  again,  should  we  hit  upon  .the  truth,  if  we  were  to  say  that 
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Ai'iatotle,  and  otlior  ancient  pliilosopliers,  did  indeeJ.  collKct  facts  ;  but 
that  they  took  no  3t«pa  in  classifying  and  comparing  them;  and  that 
thas  they  failed  to  obtain  from  them  any  general  knowledge.  For,  ia 
reality,  the  treatises  of  Aristotle  wiieh  we  have  mentioned,  are  as  re- 
markable for  the  power  of  classifying  and  systematizing  which  they 
exhibit,  as  for  the  industry  shown  in  the  acoumulatiun.  But  it  is  not 
classification  of  &cta  merely  which  can  lead  ns  to  knowledge,  except 
we  adopt  that  special  arrangement,  which,  in  each  case,  brings  into 
view  the  principles  of  the  subject.  We  may  easily  show  how  nnproflt- 
able  an  arbitrary  or  random  classification  is,  however  orderly  and  sys- 
tematic it  may  be. 

For  instance,  for  a  long  period  all  unusual  fiery  appearances  in  the 
sky  were  classed  together  as  meUon.  Comets,  shooting-stars,  and 
globes  of  fire,  and  the  aurora  boredis  in  all  its  forms,  were  thus  gi'ouped 
together,  and  classiflcatJoiis  of  considerable  extent  and  minuteness  were 
proposed  with  reference  to  these  objects.  But  this  classification  was 
of  a  mixed  and  arbitrary  kind.  Figure,  color,  motion,  duration,  were 
all  combined  as  characters,  and  the  imagination  lent  its  aid,  trans- 
forming these  striking  appearances  into  fiery  swords  and  spears,  bears 
and  dragons,  armies  and  chariots.  The  facts  so  classified  were,  not- 
withstanding, worthless ;  and  would  not  have  been  one  jot  the  less  so, 
had  they  and  their  classes  been  ten  times  as  numerous  as  they  were. 
No  rule  or  law  that  would  stand  the  test  of  observation  was  or  could 
be  thus  discovered.  Such  classifications  have,  therefore,  long  been 
neglected  and  forgotten.  Even  the  ancient  descriptions  of  these  objects 
of  curiosity  are  unintelligible,  or  unworthy  of  trust,  because  the  specta- 
tors had  no  steady  conception  of  the  usual  order  of  such  phenomena. 
For,  however  much  we  may  fear  to  be  misled  by  preconceived  opin- 
ions, the  caprices  of  ima^nation  distort  our  impressions  far  more  than 
the  anticipationa  of  reason.  In  this  case  men  had,  indeed  we  may  say 
with  regard  to  many  of  these  metcoi-s,  they  still  have,  no  science  :  not 
for  want  of  facts,  nor  even  for  want  of  classification  of  facts  ;  but  because 
the  classification  was  one  in  which  no  real  principle  was  contained. 

4.  Since,  as  we  have  said  before,  two  things  are  requisite  to  science, 
— Facte  and  Ideas ;  and  since,  as  we  have  seen,  Facta  were  not  wantr 
ing  in  the  physical  speouiations  of  the  ancients,  we  are  naturally  led 
to  ask,  Were  they  then  deficient  in  Ideas?  Was  there  a  want  among 
them  of  mental  activity,  and  logical  connection  of  thought  ?  But  it  is 
so  obvious  that  the  answer  to  this  inquiiy  must  be  in  the  negative, 
that  we  need  not  dwell  upon  it.     No  one  who  knows  any  thing  of  the 
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history  of  the  ancient  Greek  miDd,  can  question,  that  in  acuteness,  in 
ingenuity,  in  the  power  of  close  and  distinct  reasoning,  they  have  never 
been  surpassed.  The  common  opinion,  which  considers  the  defect  of 
their  philoaoptieal  character  to  reside  ratter  in  tie  exclusive  activity 
of  such,  qualities,  than  in  the  absence  of  tbem,  is  at  least  so  far  just. 

5,  We  come  back  again,  therefore,  to  the  question,  What  was  the 
radical  and  fetal  defect  iu  the  physical  speculations  of  the  Greek  phi- 
losophical schools ! 

To  this  I  answer :  The  defect  was,  that  though  they  bad  in  their 
possession  Facta  and  Ideas,  the  Ideas  wm-e  not  distinct  and  appropriate 
to  the  Facta. 

The  peculiar  characteristics  of  scient  hi,  ideas  which  I  have  endcn 
ored  to  express  by  speaking  of  them  a^  ditl  ti  anl  apirojnite  to  the 
facts,  must  be  more  fully  and  formally  set  foitb  when  we  ome  to  the 
pbilosopby  of  the  subject.  In  the  mean  time  the  reiierwdl  piobaUj 
have  no  difficulty  in  conceiving  that,  tor  e'ich  class  of  F^  ts  tl  re  is 
some  special  set  of  Ideas,  by  means  of  which  the  tacts  can  be  mcluded 
in  general  scientific  truths;  and  tbat  these  Ideas  which  may  this  be 
termed  a^roprtate,  must  be  possessed  with  entire  distinttness  an  1 
clearness,  in  order  that  they  may  be  successfully  ippl  ed  It  was  the 
want  of  Ideas  having  this  reference  to  material  pkenomeiiB  wh  cli 
rendered  the  ancient  philosophers,  with  very  few  exceptions  helpless 
and  unsuccessful  speculators  on  physical  subjects 

This  must  be  illustrated  by  one  or  two  examples.  One  of  the  facts 
which  Aristotle  endeavors  to  explain  is  this;  that  when  the  sun's  light 
passes  through  a  hole,  whatever  be  the  form  of  the  hole,  the  bright 
image,  if  formed  at  any  considerable  distance  from  the  bole,  is  round, 
instead  of  imitating  the  figure  of  the  hole,  as  shadows  resemble  their 
objects  in  form.  We  shall  easily  perceive  this  appearance  to  be  a 
necessary  consequence  of  the  circular  figure  of  the  sun,  if  we  conceive 
light  to  be  diffused  from  the  luminary  by  means  of  straight  ro.ys  pro- 
ceeding from  every  point  of  the  sun's  disk  and  passing  through  every 
point  within  the  boundary  of  the  hole.  By  attending  to  the  conse- 
quences of  this  mode  of  conception,  it  will  be  seen  that  eath  point  of 
the  hole  will  be  the  vertex  of  a  double  cone  of  rays  which  has  the  sun's 
disk  for  its  base  on  one  side  and  an  image  of  the  sun  on  tho  other  ; 
and  the  figure  of  the  image  of  the  hole  will  be  determined  by  suppos- 
ing a  series  of  equal  bright  circles,  images  of  the  sun,  to  be  placed 
along  the  boundary  of  an  image  equal  to  the  hole  itself  The  figure 
of  the  image  thus  determined  will  partake  of  the  form  of  the  hole,  and 
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of  the  circdar  form  of  th     uns  mage     lutth  1  ^res  be- 

come larger  aud  la  e  as  th  y  a  farth  f  om  th  li  1  while  the 
central  image  of  the  h  1       ma  n    aln  a)     ol  th  n  1     ze ;  and 

thus  at  a  considerahl    d  tan  e  f   m  the  h  le  th    t  t  fhe  hole's 

form  is  nearly  obi  t  at  i  ii  1  th  n  ^e  n  a  ly  a  jj  f  t  circle. 
Instead  of  this  distinct  conception  of  a  cone  of  rays  which  has  the  sun's 
(list  for  its  basis,  Aristotle  has  the  following  loose  eoujectnia."  "  la 
it  because  light  is  emitted  in  a  conical  form ;  and  of  a  cone,  the  base 
is  a  circle ;  so  that  on  whatever  the  rays  of  the  sun  fall,  they  appear 
more  circular !"  And  tlms  tTiongh  he  applies  the  notion  of  rays  to 
this  problem,  he  possesses  this  notion  so  indistinctly  that  his  explana- 
tion is  of  no  value.  He  docs  not  introduce  into  his  esplanation  the 
consideration  of  the  sun's  circular  figure,  and  is  ttfls  prevented  from 
giving  a  true  account  of  this  very  simple  optical  phenomenon. 

6.  Again,  to  pass  to  a  more  extensive  failure :  wty  was  it  that  Aris- 
totle, knowing  the  property  of  the  lever,  and  many  other  mechanical 
tmths,  was  unable  to  forai  them  into  a  science  of  mechanics,  as  Archi- 
medes afterwards  did  ? 

The  reason  was,  that,  instead  of  considering  rest  and  motion  directly, 
and  distinctly,  with  reference  to  the  Idea  of  Cause,  that  is  Force,  he 
wandered  in  search  of  reasons  among  other  ideas  and  notions,  which 
could  not  be  brought  into  steady  connection  with  the  facts ; — the  ideas 
of  properties  of  circles,  of  proportions  of  velocities, — the  notions  of 
"strange"  and  "common,"  of  "natural"  and  "unnatural."  Thus,  in 
the  Proem  to  his  Mechanical  Problems,  after  stating  some  of  the  diffi- 
culties which  he  has  to  attack,  he  says,  "  Of  all  such  cases,  the  circle 
contains  the  principle  of  the  cause.  And  this  is  what  might  be  looked 
for;  for  it  is  nothing  absurd,  if  something  wondmful  is  derived  from 
something  more  wonderful  still.  Ifow  the  most  wonderful  thing  is, 
that  opposites  should  be  combined ;  and  the  circle  is  constituted  of 
such  combinations  of  opposites.  For  it  is  constructed  by  a  stationary 
point  and  a  moving  line,  which  are  contrary  to  each  other  in  nature ; 
and  hence  we  may  the  less  be  surprised  at  the  resulting  contrarieties. 
And  in  the  first  place,  the  circumference  of  tiie  circle,  though  a  line 
without  breadth,  has  opposite  qualities;  for  it  is  both  convex  and  con- 
cave. In  the  nest  place,  it  has,  at  the  same  time,  opposite  motions, 
for  it  moves  forward  and  backward  at  the  same  time.  For  the  circum- 
ference, setting  out  from  any  point,  comes  to  the  same  point  again,  so 

'»  Problem.  15,  bun  jiaByjpaTtinis,  &ii. 
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that  by  a  continuous  progressioD,  the  last  point  becomes  the  first,  80 
that,  as  was  before  stated,  it  is  not  surprising  that  the  circle  should  be 
the  principle  of  all  wonderful  properties." 

.  Aristotle  afierwards  proceeds  to  explain  more  specially  how  he  ap- 
phes  the  properties  of  the  circle  in  this  case.  "The  reason,"  he  says, 
in  his  fourth  Problem,  "  why  a  force,  acting  at  a  greater  distance 
from  the  fulcrum,  moves  a  weight  more  easily,  is,  that  it  describes  a 
greater  circle."  He  had  already  asserted  that  when  a  body  at  the  end 
of  a  layer  is  ^ut  in  motion,  it  may  be  considered  as  having  two 
motions ;  one  in  the  direction  of  the  tangent,  and  one  in  the  direction 
of  the  radius  ;  the  former  motion  is,  he  aajs,  uccordinff  to  nature,  the 
latter,  contrary  to  nature.  Wow  in  the  smaller  circle,  the  motion,  con- 
trary to  nature,  is  more  considerable  than  it  is  in  the  larger  circle. 
"  Therefore,"  he  adds,  "  the  mover  or  weight  at  the  larger  arm  will  be 
transferred  further  by  the  same  force  than  the  weight  moved,  which  is 
at  the  extremity  of  the  shorter  arm." 

These  loose  and  inappropriate  notions  of  "natural"  and  "unnatu- 
ral" motions,  were  unfit  to  lead  to  any  scientific  truths ;  and,  with  the 
habits  of  thought  which  dictated  these  speculations  a  perception  of 
the  true  grounds  of  mechanical  properties  was  impossible. 

1.  Thus,  in  this  instance,  the  error  of  Aristotle  was  the  neglect  of 
the  Idea  aj^rc^riate  to  the  fects,  namely,  the  Idea  of  Mechanical 
Cause,  which  is  Force;  and  the  substitution  of  vague  or  inapplicable 
notions  involving  only  relations  of  space  or  emotions  of  wonder.  The 
errors  of  those  who  feiled  similarly  in  other  instances,  were  of  ihe 
same  kind.  To  detail  or  classify  these  would  lead  us  too  far  into  the 
philosophy  of  science  ;  since  we  should  have  to  enumerate  the  Ideas 
which  are  appropriate,  and  the  various  classes  of  Facts  on  which  the 
different  sciences  are  founded, — a  tt^t  not  to  be  now  lightly  under- 
taken. But  it  will  be  perceived,  without  farther  explanation,  that  it 
is  necessary,  in  order  to  obtain  from  facts  any  general  truth,  that  we 
should  apply  to  them  that  appropriate  Idea,  by  which  permanent  and 
definite  relations  are  established  among  them. 

In  such  Ideas  the  ancients  were  very  poor,  and  the  stunted  and  de- 
formed growth  of  their  physical  science  was  the  result  of  this  penury. 
The  Ideas  of  Space  and  Time,  Number  and  Motion,  they  did  in- 
deed possess  distinctly ;  and  so  far  as  these  went,  their  science  was 
tolerably  healthy.  They  also  caught  a  glimpse  of  the  Idea  of  a  Me- 
dium by  which  the  qualities  of  bodies,  as  colors  and  sounds,  aro  per- 
ceived.   But  the  idea  of  Substance  remained  barren  in  their  hands ; 
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in  specuIatiDg  about  elemenfs  and  qualities,  they  went  the  wrong  way, 
assuming  that  the  properties  of  Compounds  must  resemble  those  of  the 
Elements  which  determine  them ;  and  their  loose  notions  of  Contrariety 
never  approached  the  form  of  those  ideas  of  Polarity,  which,  in  mod- 
am  times,  regulate  many  parts  of  physics  and  chemistry. 

If  this  statement  should  seem  to  any  one  to  bo  technical  or  arbi- 
trary, we  must  refer,  for  the  justification  of  if,  to  the  Philosophy  of 
Science,  of  which  we  hope  hereafter  to  treat.  But  it  will  appear, 
even  from  what  has  been  here  said,  that  there  are  certain  Ideas  or 
Forms  of  mental  apprehension,  which  may  be  applied  to  Facts  in  such 
a  manner  as  to  bring  into  view  fundamental  principles  of  science ; 
while  the  same  Fads,  however  arrayed  or  reasoned  about,  so  long  as 
these  appropriate  ideas  are  not  employed,  cannot  give  rise  to  any 
exact  or  substantial  knowledge. 

[2d  Ed.]  This  account  of  the  cause  of  failure  in  the  physical  specu- 
lations of  the  ancient  Greek  philosophers  has  been  objected  to  as  un- 
satisfactory.    I  will  offer  a  few  words  in  explanation  of  it 

The  mode  of  accounting  for  the  feiliire  of  the  Greeks  in  pliysics  is, 
in  substance; — that  the' Greets  in  their  physical  speculations  fixed  their 
attention  upon  the  wrong  aspects  and  relations  of  tiie  phenomena; 
and  that  the  aspects  and  relations  in  which  phenomena  are  to  be 
viewed  in  order  to  arrive  at  scientific  truths  may  be  arranged  nnder 
certain  heads,  which  I  have  termed  Ideas;  such  as  Spaee,  Time, 
Number,  Cause,  Likeness.  In  every  case,  there  is  an  Idea  to  which 
the  phenomena  may  bo  referred,  so  as  to  bring  into  view  the  Laws  by 
which  they  are  governed;  this  Idea  I  term  the  appropriate  Idea  in 
such  case ;  and  in  order  that  the  reference  of  t]ie  phenomena  to  the 
Law  may  be  clearly  seen,  the  Idea  must  be  distinctly  possessed. 

Thus  the  reason  of  Aristotle's  failure  in  his  atjempta  at  Mechanical 
Science  is,  that  he  did  not  refer  the  facts  to  the  appropriate  Idea, 
namely  Force,  the  Cause  of  Motion,  but  to  relations  of  Space  and  the 
like ;  that  is,  he  introduces  geometrical  instead  of  Mechanical  Ideas. 
It  may  be  said  that  we  learn  little  by  being  told  that  Aristotle's 
failure  in  this  and  the  like  cases  arose  from  his  referring  to  the  wrong 
class  of  Ideas ;  or,  as  I  have  otherwise  expressed  it,  fixing  his  attention 
upon  the  wrong  aspects  and  relations  of  the  facts;  since,  it  may  be 
sdd,  this  is  only  to  state  in  other  words  that  he  did  fail.  But  this 
criticism  is,  I  think,  ill-founded.  The  account  which  I  have  given  is 
not  only  a  statement  that  Aristotle,  and  others  who  took  a  like  course, 
did  tail ;  but  also,  that  they  failed  in  one  certain  point  out  of  several 
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which  are  euumerat«d.  They  did  not  fail  because  they  neglected  to 
observe  facts ;  they  did  not  ftdl  because  they  omitted  to  class  facts ; 
they  did  not  fail  because  they  had  not  ideas  to  reason  from;  but  they 
failed  because  they  did  not  take  the  right  ideas  in  each  case.  And  so 
long  as  they  were  ia  the  wrong  in  this  point,  no  industry  in  collecting 
facte,  or  ingenuity  in.  classing  th  m  and  as  n  ng  about  them,  could 
lead  them  to  sohd  truth. 

Nor  is  this  account  of  the  nat  e  of  the  m  take  without  its  in- 
struction for  us ;  although  \  e  n  t  to  expe  t  to  derive  from  the 
study  of  their  failure  any  techni  al  ule  wh  h  shall  necessarily  guide 
us  to  scientific  discovery.  Fo  the  ta  lu  e  tea  hes  us  that,  iu  the 
formation  of  sdence,  an  Error  in  the  Ideas  is  as  fatal  to  the  diacovery 
of  Truth  as  an  Error  iu  the  Facts ;  and  may  as  completely  impede 
the  progress  of  knowledge.  I  have  iu  Books  ii,  to  x.  of  the  Philos- 
ophy, shown  tistoiically  how  largo  a  portion  of  the  progress  of  Science 
consists  in  the  establishment  of  Appropriate  Ideas  as  the  basis  of  eacK 
science.  Of  the  two  main  processes  by  which  science  is  constructed, 
as  stated  in  Book  xl  of  that  work,  uamely  the  Explication  of  Con- 
cepfions  and  the  Colligation  of  Facts,  the  former  must  precede  the 
latter.  In  Book  s.i\.  chap.  5,  of  the  Philosophy,  I  have  stated  the 
masim  concerning  appropriate  Ideas  in  this  form,  that  the  Idea  and 
the  Pacts  JWMsi  he  homogeneous. 

When  I  say  that  the  failure  of  the  Greeks  in  physical  science  arose 
from  their  not  employing  ax^opriate  Ide^  to  connect  the  fects,  I  do 
not  use  the  term  "  appropriate"  in  a  loose  popular  sense ;  but  I  employ 
it  as  a  somewhat  technical  term,  to  denote  the  appropriate  Idea,  out  of 
that  series  of  Ideas  which  have  been  made  (as  I  have  shown  in  the 
Philosophy)  lie  foundatjon  of  sciences ;  namely,  Space,  Time,  Number, 
Cause,  Likene^  Substance,  and  the  rest.  It  appears  to  me  just  to 
say  that  Aristotle's  failure  in  his  attempts  to  deal  with  problems  of 
equilibrium,  arose  from  his  referring  to  circles,  velocities,  notions  of 
natural  and  unnatural,  and  the  lite, — conc«ptions  depending  upon 
Ideas  of  Space,  of  Nature,  &c. — whicli  are  not  appropriate  to  these 
problems,  and  from  his  missing  the  Idea  of  Mechanical  Force  or  Pres- 
sure, which  is  the  appropriate  Idea. 

I  give  this,  not  as  an  account  of  all  failures  in  attempts  at  science, 
but  only  as  the  account  of  such  radical  and  fundamental  failures  as 
this  of  Aristotle ;  who,  with  a  knowledge  of  the  facta,  failed  to  connect 
them  into  a  really  scientific  view.  If  I  had  to  compare  rival  theories 
of  a  more  complex  kind,  I  should  not  necessarily  say  that  one  involved 


Ho.ted  by  Google 


92  THE  GREEK  SCHOOL  PHILOSOPHY. 

an  appropriate  Idea  and  the  other  did  Eot,  though  I  might  judge  one 
to  be  true  and  the  other  to  be  false.  For  instance,  in  comparing  the 
emissiFe  and  the  undulatory  theory  of  light,  we  see  that  both  involve 
the  same  Idea; — the  Idea  of  a  Medium  acting  by  certain  mechanical 
properties.  The  question  there  is,  What  is  the  true  view  of  the  mechan- 
ism of  tJie  Medium? 

It  may  be  remarked,  however,  that  the  example  of  Aristotle's  failure 
in  physics,  given  in  p.  87,  namely,  his  attempted  explanation  of  the 
round  image  of  a  square  hole,  is  a  specimen  rather  of  induiinct  than 
of  inappropriate  ideas. 

The  geometrical  explanation  of  tkis  phenomenon,  which  I  have  there 
inserted,  was  given  by  Mauiolycus,  and  before  him,  by  Leonardo  da  Vinci. 

We  shall,  in  the  next  Boob,  see  the  influence  of  the  appropriate  gen- 
eral Ideas,  in  the  formation  of  various  sciences.  It  need  only  be 
observed,  before  we  proceed,  that,  in  order  to  do  full  justice  to  the 
physical  knowledge  of  the  Greek  Schools  of  philosophy,  it  is  not 
necessary  to  study  their  course  after  the  time  of  their  founders.  Tbeir 
fortunes,  in  respect  of  such  acquisitions  as  we  are  now  considering, 
were  not  progresave.  The  later  chiefs  of  the  Schools  followed  the 
earlier  masters ;  and  though  they  varied  much,  they  added  little.  The 
Romans  adopted  the  philosophy  of  their  Greek  subjects ;  but  they  were 
always,  and,  indeed,  acknowledged  themselves  to  be,  inferior  to  their 
teachers.  They  were  as  arbitrary  and  loose  ia  their  ideas  as  the  Greeks, 
without  possessing  their  invention,  acuteness,  and  spirit  of  system. 

In  addition  to  the  vagueness  which  was  combined  with  the  more 
elevated  trains  of  philosophical  speculation  among  the  Greeks,  the 
Romans  introduced  into  their  ti-eatises  a  kind  of  declamatory  rhetoric, 
which  arose  probably  from  their  forensic  and  political  habifs,  and  which 
still  further  obscured  the  waning  gleams  of  truth.  Yet  we  may  also 
trace  in  the  Eoman  philosophers  to  whom  this  charge  mostly  applies 
(Lucretius,  Pliny,  Seneca),  the  national  vigor  and  ambition.  There  is 
something  Roman  in  the  public  spirit  and  anticipation  of  universal 
empire  which  they  display,  as  citizens  of  the  intellectual  republic. 
Though  they  speak  sadly  or  slightingly  of  the  achievements  of  their 
own  generation,  they  betray  a  more  abiding  and  vivid  belief  in  the 
dignity  and  destined  advance  of  human  knowledge  as  a  whole,  than  is 
obvious  among  the  Greeks. 

We  must,  however,  turn  hack,  in  order  to  describe  steps  of  more 
definite  value  to  the  progress  of  science  than  those  which  we  have 
hitherto  noticed. 
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I  brought  to  eartU  tho  spark  of  heavenly  fire, 
Concealed  at  first,  and  small,  but  spreading  aoo 
Among  the  sons  of  men,  and  burning  on, 
Teadier  of  art  and  use,  and  fount  of  power. 
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IN  order  to  the  acquisition  of  any  such  exact  and  real  knowledge  of 
nature  as  liat  whicli  we  properly  call  Physical  Science,  it  is  requi- 
Mte,  as  has  aJready  been  said,  that  men  should  possess  Ideas  both  dis- 
tinct and  appropriate,  and  should  apply  them  to  ascertained  Facts. 
They  are  thus  led  to  propositions  of  a  general  character,  which  arc 
obtained  by  Induction,  as  will  elsewhere  be  more  fully  explained.  We 
proceed  now  to  ti'ace  the  formation  of  Sciences  among  the  Qreeia  by 
such  processes.  The  provinces  of  knowledge  which  thus  demand  our 
attention  are,  Astronomy,  Mechanics  and  Hydrostatics,  Optics  and 
Harmonics  ;  of  which  I  must  relate,  first,  the  earliest  stages,  and  nest, 
the  subseijuont  progress. 

Of  these  portions  of  human  knowledge,  Astronomy  is,  beyond  doubt 
or  comparison,  much  the  moat  aucient  and  the  most  remarkable  ;  and 
probably  existed,  in  somewhat  of  a  scientific  form,  in  Chaldea  and 
Egypt,  and  other  countries,  before  the  period  of  the  intellectual  activ- 
ity of  the  Greeks.  But  I  will  give  a  brief  account  of  some  of  the  other 
Sciences  before  I  proceed  to  Astronomy,  for  two  reasons ;  first,  because 
the  origin  of  Astronomy  is  lost  in  the  obscurity  of  a  remote  antiquity; 
and  therefore  we  cannot  exemplify  the  conditions  of  the  first  rise  of 
science  so  well  in  that  subject  as  we  can  in  others  which  assumed  their 
scientific  form  at  known  periods ;  and  next,  in  order  that  I  may  not 
have  to  interrupt,  after  I  Lave  once  begun  it,  the  history  of  the  only 
progressive  Science  which  the  ancient  world  produced. 

It  has  been  objected  to  the  arrangement  here  employed  that  it  is 
not  symmetrical ;  and  that  Astronomy,  as  being  one  of  the  Physical 
Sciences,  ought  to  have  occupied  a  chapter  in  this  Second  Book, 
instead  of  having  a  whole  Book  to  itself  (Book  iii).  I  do  not  pretend 
that  the  arrangement  is  symmetrical,  and  have  employed  it  only  on 
the  ground  of  convenience.  The  importance  and  extent  of  the  his- 
tory of  Astronomy  are  such  that  this  science  could  not,  with  a  view  to 
our  purposes,  be  made  co-ordinate  with  Mechanics  or  Optics, 
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CHAPTEE  I. 
Stages  op  Meohasics  akd  Hydrostatics. 


Seel.  1. — Mechanics. 

ASTRONOMY  is  a  science  so  ancient  that  we  can  hardly  ascend  to 
a  period  when  it  did  not  exist ;  [Mechanics,  on  the  other  hand,  is 
a  science  which  did  not  begin  to  bo  till  after  the  time  of  Aristotle ;  for 
Archimedes  must  he  looked  upon  as  the  author  of  the  first  sound 
knowledge  on  this  subject.!  What  is  still  more  cnrions,  and  shows  re- 
markably how  little  the  continued  progress  of  science  follows  inevitably 
from  the  nature  of  man,  this  department  of  knowledge,  after  the  right 
road  had  been  fairly  entered  upon,  remained  absolutely  stationary  for 
nearly  two  thousand  years ;  no  single  step  was  made,  in  addition  to  the 
proportions  established  by  Archimedes,  till  the  time  of  Galileo  and 
Stevinus.  This  extraordinary  halt  wil!  be  a  subject  of  attention  here- 
after; at  present  we  must  consider  the  original  advance. 

The  great  step  made  by  Archimedes  in  Mechanics  was  tho  establish- 
ing, upon  true  grounds,  the  general  proposition  concerning  a  straight 
lever,  loaded  with  two  heavy  bodies,  and  resting  upon  a  fulcrum.  The 
proposition  is,  that  two  bodies  so  circumstajiced  will  balance  each 
other,  when  the  distance  of  the  smaller  body  from  the  fulcrum  is 
greater  than  the  distance  of  the  otier,  in  exactly  the  same  proportion 
in  which  the  weight  of  the  body  is  less. 

This  proposition  is  proved  by  Archimedes  in  a  work  which  is  still 
extant,  and  the  proof  holds  its  place  in  our  treatises  to  this  day,  as  the 
simplest  which  can  be  given.  The  demonstration  is  made  to  rest  on 
assumptions  which  amount  in  effect  to  such  Definitions  and  Axioms 
as  these :  That  those  bodies  are  of  equal  weight  which  balance  each 
other  at  equal  arms  of  a  straight  lever ;  and  that  in  every  heavy  body 
there  is  a  definite  point  called  a  Centre  of  Gravity,  in  which  point  we 
may  suppose  the  weight  of  the  body  collected. 

The  principle,  which  is  really  the  foundation  of  the  validity  of  the 
demonstration  thus  given,  and  which  is  the  condition  of  all  experiment- 
al knowledge  on  the  subject,  is  this ;  that  when  two  equal  weights  are 
a  lever,  they  act  on  the  fulcrum  of  the  lever  with  the 


Ho.ted  by  Google 


MECHANICS  AND  HYDROSTATICS.  97 

same  effect  as  if  tbey  were  both  togetlier  supported  immediatelj'  at 
that  point.  Or  more  generally,  we  may  state  the  principle  fo  be  thla ; 
that  the  pressure  by  which  a  heavy  body  is  supported  continues  the 
same,  however  wo  alter  the  form  or  positioa  of  the  body,  so  long  as 
the  in^;nitude  and  materia!  continue  the  same. 

The  experimental  truth  of  this  principle  is  a  matter  of  obvious  and 
universal  esperience.  The  weight  of  a  basket  of  stones  is  not  altered 
by  shaking  the  stones  into  new  positions.  We  cannot  make  the  direct 
burden  of  a  stone  less  by  altering  its  position  in  our  hands ;  and  if  we 
try  the  effect  on  a  balance  or  a  machine  of  any  kind,  we  shall  see  still 
more  clearly  and  exactly  that  the  altered  position  of  one  weight,  oi' 
the  altftted  arrangement  of  several,  produces  no  change  in  their  effect^ 
30  long  as  their  point  of  support  remains  unchanged. 

This  general  fact  is  obvious,  when  we  possess  in  our  minds  the  ideas 
which  are  requisite  to  apprehend  it  clearly.  But  when  we  are  so  pre- 
pared, the  trath  appears  to  be  manifest,  even  independent  of  experience, 
and  is  seen  to  be  a  rale  to  which  experience  must  conform.  What, 
then,  is  the  leading  idea  wHeh  thus  enables  ua  to  reason  effectively 
upon  mechanical  subjects  ?  By  attention  to  the  course  of  such  reason- 
ings, we  perceive  that  it  is  the  idea  of  Pressure  ;  Pressure  being  con- 
ceived as  a  measurable  effect  of  heavy  bodies  at  rest,  distinguishable 
from  all  otlier  effects,  such  as  motion,  change  of  figure,  and  the  like. 
It  is  not  here  necessary  to  attempt  to  trace  the  history  of  this  idea  in 
our  minds ;  but  it  is  certain  that  such  an  idea  may  be  distinctly  formed, 
and  that  upon  it  the  whole  soionce  of  statics  may  be  builL  Pressure, 
load,  weight,  are  names  by  which  this  idea  is  denoted  when  the  effect 
tends  directly  downwards ;  but  we  may  have  pressure  without  motion, 
or  dead  pull,  in  other  cases,  as  at  the  critical  instant  when  two  nicely- 
matched  wr^tlers  are  balanced  by  the  exertion  of  the  utmost  strength 
of  eaob. 

Pressure  in  any  direction  may  thus  exist  without  any  motion  what- 
ever. But  the  causes  which  produce  such  pressure  are  capable  of  pro- 
ducing motion,  and  are  generally  seen  producing  motion,  as  in  the 
above  instance  of  the  wrestlers,  or  in  a  pair  of  scales  employed  in 
weighing;  and  thus  men  come  to  consider  pressure  as  the  exception, 
and  motion  as  the  rule:  or  perhap  they  image  to  themselves  the  mo- 
tion which  might  or  would  take  place ;  for  instance,  the  motion  which 
the  arms  of  a  lever  would  have  if  they  did  move.  They  turn  away 
from  the  case  really  before  them,  which  is  that  of  bodies  at  rest,  and 
balancing  each  other,  and  pass  to  another  case,  which  is  arbitrarily 
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assumed  to  represent  the  first.  Uow  this  arbitrary  and  capricious 
evasion  of  the  question  we  consider  as  opposed  to  the  introduction  of 
the  distinct  and  proper  idea  of  Pressure,  by  means  of  which  the  true 
principles  of  this  subject  can  be  apprehended. 

We  have  already  seen  that  Aristotie  was  in  the  number  of  those 
who  thus  evaded  the  difficulties  of  tie  problem  of  the  lever,  and  con- 
sequently lost  the  reward  of  success.  He  tailed,  as  has  before  been 
stated,  in  coi^quence  of  his  seeking  his  principles  in  notions,  either 
vague  and  loose,  a&  the  distinction  of  natural  and  unnatural  motions,  or 
else  inappropriate,  as  the  circle  which  the  weight  would  describe,  the 
velocity  which  it  would  have  if  it  moved ;  circumstances  which  are 
not  part  of  the  fact  under  consideration.  The  influence  of  such  modes 
of  speculation  was  the  main  hindrance  to  the  prosecution  of  the  true 
Archimedean  form  of  the  science  of  Mechanics. 

The  mechanical  doctrine  of  EqiiiHbrium,  is  Statics.  It  is  to  be  dis- 
tinguished from  the  mechanical  doctrine  of  Motion,  which  is  termed 
Dynamics,  and  which  was  nob  successfully  treated  till  the  time  of 
Galileo. 

Sect.  2. — Hydrostatics. 

I  Ahchimbdbb  not  only  laid  the  foundations  of  the  Statics  of  solid 
bodies,  but  also  solved  the  principal  problem  of  Hydrostatics,  or  the 
Statics  of  Fluids  j  namely,  the  conditions  of  the  floating  of  bodies. 
This  is  the  more  remarkable,  since  not  only  did  the  principles  which 
Archimedes  established  on  this  subject  remain  unpursued  till  the  revi- 
val of  science  in  modern  times,  but,  when  they  were  again  put  forward, 
the  main  proposition  web  so  far  from  obvious  that  it  was  termed,  and 
is  to  this  day  called,  the  hydrostatic  paradox.  The  true  doctrine  of 
Hydrostatics,  however,  assuming  the  Idea  of  Pressure,  which  it  in- 
volves, in  common  with  the  Mechanics  of  solid  bodies,  requires  also  a 
distinct  Idea  of  a  Fluid,  as  a  body  of  which  the  parts  are  perfectly  mov- 
able among  each  other  by  the  slightest  partial  pressure,  and  in  which 
all  pressure  exerted  on  one  paii;  is  transferred  to  all  other  parts.  From 
this  idea  of  Fluidity,  nec^arily  follows  that  multiplication  of  pressure 
which  constitutes  the  hydrostatic  paradox ;  and  the  notion  being  seen 
to  be  verified  in  nature,  the  consequences  were  also  realized  as  facts. 
This  notion  of  Fluidity  is  expressed  in  the  postulate  which  stands  at  the 
head  of  Archimedes'  "Treatise  on  Floating  Bodies."  And  from  this 
principle  are  deduced  the  solutions,  not  only  of  the  simple  problems 
of  the  science,  but  of  some  problems  of  considerable  complexity. 
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The  difBculty  of  holding  fast  this  Idea  of  Fluidity  so  as  to  trace 
its  consequeocea  with  infallible  strietneas  of  demonBtration,  may  be 
judged  of  from  the  circtunstance  that,  even  at  the  present  day,  men  of 
great  talents,  not  unfamiliar  with  the  subject,  sometimes  admit  into 
their  reasonings  an  oversight  or  fallacy  with  regard  to  this  very  point. 
The  importance  of  tho  Idea  when  clearly  apprehended  and  securely 
held,  may  be  judged  of  from  this,  that  the  whole  science  of  Hydro- 
statics in  its  most  modern  form  is  only  the  deyelopment  of  the  Idea. 
And  what  tind  of  attempts  at  science  would  be  mado  by  persons 
destitute  of  this  Idea,  we  may  see  in  the  speculations  of  Aristotle  con- 
cerning light  and  heavy  bodies,  which  we  have  already  quoted ;  where, 
by  considering  light  and  heavy  as  opposite  qualities,  residing  in  things 
themselves,  and  by  an  inability  to  apprehend  the  effect  of  surround- 
ing fluids  in  supporting  bodies,  the  subject  was  made  a  mass  of  false 
or  frivolous  assertions,  which  the  utmost  ingenuity  could  not  reconcile 
with  facts,  and  could  still  less  deduce  from  the  asserted  doctrines  any 
new  practical  truths. 

In  the  case  of  Statics  and  Hydrostatics,  the  most  important  condi- 
tion of  their  advance  was  undoubtedly  the  distinct  apprehension  of 
these  two  a;ppr<^ate  Ideas — Statical  Pressure,  and  HydroUatical 
Pressure  as  included  in  the  idea  of  Fluidity.  For  the  Ideas  being  once 
clearly  possessed,  the  experimental  laws  which  they  served  to  express 
(that  the  whole  pressure  of  a  body  downwards  was  always  the  same ; 
and  that  water,  and  the  lite,  were  fluids  according  to  the  above  idea 
of  fluidity),  were  hi  obvious,  that  there  was  no  doubt  nor  difficulty 
about  them.  These  two  ideas  He  at  the  root  of  all  mechanical  science ; 
and  the  firm  possession  of  them  is,  to  this  day,  the  first  requisite  for  a 
student  of  the  subject.  After  being  clearly  awakened  in  the  mind  of 
Archimedes,  these  ideas  slept  for  many  centuries,  till  they  were  again 
called  up  in.  Galileo,  and  more  remarkably  in  Sfevinns.  This  tame, 
they  were  not  destined  again  to  slumber;  and  the  results  of  their 
activity  have  been  the  formation  of  two  Sciences,  which  are  as  certain 
and  severe  in  their  demonstrations  as  geometry  itself,  and  as  copious 
and  interesting  in  their  conclusions;  but  which,  besides  this  recom- 
mendation, possess  one  of  a  different  order,— that  they  exhibit  the 
exact  impress  of  the  laws  of  the  physical  world,  and  unfold  a  portion 
of  the  rules  according  to  which  the  phenomena  of  nature  take  place, 
and  must  take  place,  till  nature  herself  shall  alter. 
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CHAPTER  II. 
Earlibbt  Staobs  of  Optics. 

THE  pragreas  made  by  tlie  ancients  in  Optica  was  nearly  proportional 
to  that  wMch  they  made  in  Statics.  As  they  discovered  the  true 
grounds  of  the  doctrine  of  Equilibrium,  without  obtaining  any  sound 
principles  concerning  Motion,  so  they  discovered  the  law  of  tlie  Eeflec- 
tiott  of  light,  but  had  none  but  the  most  indistinct  notions  concerning 
Refraction. 

The  extent  of  the  principles  which  they  really  possessed  is  easily 
stated.  They  knew  that  vision  is  performed  by  rays  which  proceed  in 
straight  lines,  and- that  these  rays  are  refiected  by  certain,  surfaces 
(mirrors)  in  such  mimner  that  the  angles  which  they  mate  with  the 
surface  on  each  side  are  equal.  They  drew  various  conclusions  from 
these  premises  by  tlie  aid  of  geometry ;  as,  for  instance,  the  convergence 
of  rays  which  fall  on  a  concave  speculum. 

It  may  be  observed  that  the  Idea  which  is  here  introduced,  is  that 
of  visual  rays,  or  lines  along  which  vision  is  produced  and  light  car- 
ried. This  idea  once  clearly  apprehended,  it  was  not  difficult  to  show 
that  these  lines  are  straight  Unes,  both  in  the  case  of  light  and  of  sight 
In  the  beginning  of  Euclid's  "  Treatise  on  Optics,"  some  of  the  argu- 
ments are  mentioned  by  which  this  was  established.  We  are  told  in 
the  Proem,  "In  explaining  what  concerns  the  sight,  he  adduced  cer- 
tain arguments  from  which  he  inferred  that  all  light  is  carried  in 
straight  lines.  The  greatest  proof  of  this  is  shadows,  and  the  bright 
spots  which  are  produced  by  Jight  coming  through  windows  and 
cracks,  and  which  could  not  be,  except  the  rays  of  the  sun  were  car- 
ried in  straight  lines.  So  in  flres,  the  shadows  are  greater  than  the 
bodies  if  the  fire  be  small,  but  less  than  the  bodies  if  the  fire  be  greater." 
A  clear  comprehension  of  the  principle  would  lead  to  the  perception 
of  innumerable  proofe  of  its  truth  on  every  side. 

The  Law  of  Equality  of  Angles  of  Incidence  and  Reflection  was  not 
quite  so  easy  to  verify ;  hut  the  exact  resemblance  of  the  object  and 
its  image  in  a  plane  mirror  (as  the  surface  of  still  water,  for  instance), 
which  is  a  consequence  of  this  law,  would  afford  convincing  evidence 
of  its  truth  in  that  case,  and  would  be  confirmed  by  the  examination 
of  other  cases. 
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With  these  true  principles  was  mixed  mucli  error  and  indistinctness, 
even  in  the  best  writers.  Euclid,  and  the  Platonists,  maintained  that 
vision  is  exercised  by  rays  proceeding  from,  the  eye,  not  to  it ;  so  that 
when  we  see  objects,  we  learn  their  form  as  a  blind  man  would  do,  by 
feeling  it  out  with  his  slaff.  This  mistake,  however,  though  Montucla 
speaks  severely  of  it,  was  neither  very  discreditable  nor  very  injurious ; 
for  the  mathematical  conclusions  on  each  supposition  are  necessarily 
the  same.  Another  curious  and  false  assumption  1=,  that  these  visual 
rays  are  not  clc«e  together,  but  separated  by  interval's,  like  the  fingers 
when  the  hand  is  spread.  The  motive  for  this  invention  was  the  wish 
to  account  for  the  facf,  that  in  looking  for  a  small  object,  as  a  needle, 
we  often  cannot  see  it  when  it  is  under  our  nose;  which  it  was  con- 
ceived would  be  impossible  if  the  visual  rays  reached  to  all  points  of 
the  surface  before  us. 

These  errors  would  not  have  prevented  the  progress  of  the  science. 
But  the  Aristotelian  physics,  as  usual,  contained  speculations  more 
essentially  faulty.  Aristotle's  views  led  him  to  try  to  describe  the 
kind  of  causation  by  which  vision  is  produced,  instead  of  the  laws  by 
which  it  is  exercised;  and  the  attempt  consisted,  as  in  other  subjects, 
of  indistinct  principles,  and  ill-combined  iacts.  According  to  him, 
vision  must  be  produced  by  a  Medium, — by  something  between  the 
object  and  the  eye, — for  if  we  press  the  object  on  the  eye,  we  do  not 
see  it ;  this  Medium  is  Light,  or  "  the  transparent  in  action  ;"  darkness 
occurs  when  the  tnnspareucy  is  potential  not  actual  •  color  is  not  the 
"absolute  lable  lut  somethng  wh  oh  3  on  the  absolute  visble 
color  has  the  power  of  sett  ng  the  transparent  n  act  on  t  is  not 
however,  all  colors  thit  are  seen  bj  me  n  of  1  ght  h  t  only  tie  j  roj  er 
color  of  each  oliect  f  r  some  tl  n^  9  the  heid  and  sc  les  anl 
eyes  of  fish  a  e  ecn  n  the  da  k  1  nt  the  they  are  not  seen  witl 
their  proper  color 

In  all  th  3  there    »!  no  steady  idhe  ence  e  ther  to  one  not  o     o    to 
one  class  of  facts     T!  e  d  stinct  on  ot  P  we    an  1  A  t       ntro  I  ced 
modify  the  Idea  of  Trin  paren  y    i  corl  ng  to  the  ton     h  of  tl  e 
school ;  then  Col         male  to  be  someth  ng  unknown    n  add  t  on 
Visibility ;  an  1  the  d  t  n  t  on  of     proper    an  \      mprop  r     olors 
assumed,  as  sufhc  ent  to  accou  t  f  r  i  [1  eno    en  n      S    h    la-s  fi  v 
tions  have         then    notl  ng  of  vh   h    he  m  ud   can  tike   stead 
hold;  nor    s    t  Ifli  ult  to  s  e  that  thev  do  not  come    nder  those 
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conditions  of  suceessfiil  phjaical  speculation,  wHch.  we  have   laid 

It  is  proper  to  notice  more  distinctly  tie  nature  of  the  Geometrical 
Propositions  contained  in  Euelid'a  wort.  Tte  Optica,  contains  Propo- 
sitions concerning  Vision  and  Shadowa,  derived  from  tte  principle  that 
the  rays  of  light  are  rectilinear :  for  instance,  the  Proposition  that  the 
shadow  is  greater  than  the  object,  if  the  illuminating  body  be  less,  and 
vice  versa.  The  Calc^triea  contains  Propositions  concerning  the  effects 
of  Reflection,  derived  from  the  principle  that  tho  Angles  of  Incidence 
and  Reflection  are  equal :  as,  that  in  a  convex  mirror  the  olaject  appears 
convex,  and  smaller  than  the  object.  We  see  here  an  example  of  the 
promptitude  of  tie  Greeks  in  deduction.  When  they  had  once  ob- 
tained a  knowledge  of  a  principle,  they  followed  it  to  its  mathematical 
consequences  with  great  acuteness.  The  subject  of  concave  mirrors  is 
pursued  further  in  Ptolemy's  Optics. 

The  Greek  writers  also  cultivated  the  subject  of  Perspective  specular 
lively,  in  mathematical  treatises,  as  well  as  practically,  in  pictures. 
The  whole  of  this  theory  is  a  consequence  of  the  principle  that  vision 
takes  place  in  straight  lines  drawn  from  the  object  to  tie  eye. 

"  The  ancients  were  in  some  measure  acquainted  with  the  Refrac- 
tion as  well  as  the  Reflection  of  Light,"  as  I  have  shown  in  Book  ix. 
Chap.  2  [2d  Ed.]  of  the  Pkilosqpkif,  The  current  knowledge  on  this 
subject  must  have  been  very  slight  and  confused ;  for  it  does  not  ap- 
pear to  have  enabled  them  to  account  for  one  of  the  simplest  results 
of  Eefraction,  the  magnifying  effect  of  convex  transparent  bodies.  T 
have  noticed  in  the  passage  just  referred  to,  Seneca's  crude  notions  on 
this  subject;  and  in  like  manner  Ptolemy  in  his  Optics  asserts  that  an 
object  placed  in  water  must  always  appear  larger  then  when  taken 
out.  Aristotle  uses  the  term  dvaxXagis  {Meleorol.  jil.  2),  but  appar 
rently  in  a  very  vague  manner.  It  is  not  evident  that  ie  distinguished 
Refraction  from  Beflection,  His  Commentators  however  do  distin- 
guish ti^e  as  SioxKadi^  aud  d.w.iika.ai{.  See  Olympiodorusln  Scinoi- 
der's  Eclogce  Physicie,  vol.  i,  p.  897.  And  Refraction  had  been  the 
subject  of  special  attention  among  the  Greek  Mathematicians.  Archi- 
medes had  noticed  (as  we  learn  from  the  same  writer)  that  in  certain 
cases,  a  ring  which  cannot  be  seen  over  the  edge  of  the  empty  vessel 
in  wiiei  it  is  placed,  becomes  visible  when  the  vessel  is  filled  with 
water.  The  same  feet  is  stated  in  the  Optics  of  Euclid.  We  do  not 
find  this  fact  explained  in  that  work  as  we  now  have  it ;  but  in  Ptol- 
emy's Optics  the  fact  is  explained  by  a  flexure  of  the  visual  ray  :  it  is 
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noticed  that  ttia  flexure  is  different  at  different  angles  from  the  per- 
pendicular, and  tliere  is  an  elaborate  collection  of  measures  of  the 
flexure  at  different  angles,  made  by  means  of  an  instrument  devised  for 
the  purpose.  There  is  also  a  collection  of  similar  measures  of  the  re- 
fraction when  the  ray  passes  iroin  air  to  gla^  and  when  it  passes  from 
glass  to  water.  This  part  of  Ptolemy's  work  is,  I  think,  the  oldest 
estant  example  of  a  collection  of  experimental  measures  in  any  other 
subject  than  astronomy;  and  in  astronomy  our  measures  are  the  result 
of  observation,  rather  than  of  experiment.  As  Delambre  says  (Aslrm. 
Anc  vol.  ii.  p.  427),  "  On  y  vojt  des  experiences  de  physic[ue  bien 

Ptolemy's  Optical  work  was  known  only  by  Koger  Bacon's  refer- 
ences to  it  (Opus  Majus,  p.  286,  Ac.)  till  1816  ;  but  copies  of  Latin 
translations  of  it  were  known  to  exist  in  the  Eoyal  Library  at  Paris, 
and  in  the  Bodleian  at  Oxford.  Delambre  has  given  an  account  of 
tlie  contents  of  the  Paris  copy  in  Lis  Asiron.  Anc.  ii.  Hi,  and  in  the 
Connoissance  des  Temps  ior  1816;  and  Prof,  Rigaud's  account  of  the 
Oxford  copy  is  ^ven  in  the  article  Optics,  in  the  Snq/clopcsdia  £ri- 
tanniea.  Ptolemy  shows  great  sagacily  in  applying  the  notion  of 
EefraclJon  to  the  esplanation  of  the  displacement  of  astronomical  ob- 
jects which  is  produced  by  the  atmosphere, — Astronomical  Refraction, 
as  it  is  commonly  called.  He  represents  the  visual  ray  as  refracted  in 
passing  from  the  etkw,  which  is  above  the  air,  into  the  air ;  the  six 
being  bounded  by  a  spherical  surface  which  has  for  ita  centre  "the 
centre  of  all  the  elements,  the  centre  of  the  earth  ;"  and  the  refraction 
being  a  flexure  towards  the  line  drawn  perpendicnlar  to  this  surface. 
He  thus  constructs,  says  Delambre,  the  same  figure  on  which  Cassini 
afterwards  founded  the  whole  of  his  theory ;  and  gives  a  theory  more 
complete  tian  that  of  any  astronomer  previous  to  him.  Tycho,  for 
instance,  believed  that  astronomical  refraction  was  caused  only  by 
the  vapors  of  the  atmosphere,  and  did  not  exist  above  the  altitude 
of  45°. 

Cleomedes,  about  the  time  of  Augratus,  had  guessed  at  Refraction, 
as  an  explanation  of  an  eclipse  in  which  the  sun  and  moon  are  both 
seen  at  the  same  time.  "  Is  it  not  possible,"  he  says,  "  that  the  ray 
which  proceeds  from  the  eye  and  traverses  moist  and  cloudy  air  may 
bend  downwards  ia  the  sun,  even  when  he  is  below  the  horizon  ?"  And 
Sextus  Empiricus,  a  century  later,  says,  "The  air  being  dense,  by  the 
refraction  of  the  visual  ray,  a  consteilation  may  be  seen  above  the 
horizon  when  it  is  yet  below  the  horizon."     But  from  what  follows,  it 
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appears  doubtful  whether  he  clearly  distinguished  Refraction  and  Re- 
flection. 

la  order  that  we  may  not  attach  too  much  value  to  the  vague  ex- 
pressions of  Cleomedes  and  Sextus  Empiricus,  we  may  remark  that 
Cleomedes  conceives  such  an  eclipse  as  he  describes  not  to  be  possible, 
though  he  offere  au  explanation  of  it  if  it  be ;  (the  fact  must  really 
occur  whenever  the  moon  is  seen  in  the  horizon  in  the  middle  of  an 
eclipse  :)  and  that  Sextus  Empiricns  gives  his  suggestion  of  the  effect 
of  refraction,  as  aa  argument  why  the  Chaldean  astrology  cannot  be 
true,  MDce  the  constellation  which  appears  to  be  rising  at  the  mc 
of  a  birth  is  not  the  one  which  is  truly  rising.  The  Chaldeans  mighl 
have  answered,  says  Delambre,  that  the  star  begins  to  shed  its 
ence,  not  when  it  is  really  in  the  horizon,  but  when  its  light  ia  seen, 
(^Ast.  Anc.  vol.  i.  p.  231,  and  vol.  ii.  p.  548.) 

It  has  been  said  that  ViteUio,  or  Vitello,  whom  we  shall  hereafter 
have  to  speak  of  in  the  history  of  Optics,  took  his  Tables  of  Refrac- 
tions from  Ptolemy.  This  is  contrary  to  what  Delambre  states.  He 
says  that  Vitello  may  he  accused  of  pl^arism  from  Alhaaen,  and  that 
Alhazen  did  not  borrow  his  Tables  from  Ptolemy.  Roger  Bacon  had 
said  (Opus  Majua,  p.  288),  "Ptolemieus  in  libro  de  Optieis,  id  est,  de 
Aspectibus,  sen  in  Perspectiv&  sak,  qui  prius  quam  Alhazen  dedit  banc 
aententiam,  quam  a  Ptolemfeo  acceptam  Alhazen  esposuit"  This 
refers  only  to  the  opinion  that  visual  rays  proceed  from  the  eye.  But 
this  also  is  errooeous;  for  Alhazen  maintains  the  contrary  :  "  Visio  fit 
radiis  a  visibili  extrinsecus  ad  visum  manantibus."  {Opt.  Lib.  i.  cap. 
o.)  Vitello  says  of  his  Table  of  Refractions,  "  Acceptis  instrumenta- 
litcr,  prout  potuimus  propinquina,  angnlis  omnium  refractionum  .  . 
invenimus  quod  semper  iidem  sunt  anguli  retrattionum  :  .  .  .  secun 
dum  hoc  fccimus  has  tabulas."  "  Havmg  measnred  by  means  of  ii 
struments,  as  exactly  as  we  could,  the  whole  range  of  the  angles  of 
refraction,  we  found  that  the  refraction  is  a]«  aj  s  the  sime  for  the  same 
angJe ;  and  hence  we  have  constructed  these  Tablts. 
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CHAPTER   III. 
EiKLiEST  Staoes  or  Harmohios, 

AMONG  the  ancients,  the  science  of  Music  was  an  application  of 
Arithmetic,  as  Optics  and  Mechanics  were  of  Geometry.  The 
story  which  is  told  concerning  the  origin  of  their  arithmetical  music, 
is  the  following,  as  it  stands  in  the  Aritbmetica!  Treatise  of  Nicom- 
aehus. 

Pythagoras,  walking  one  day,  meditating  on  the  means  of  measur- 
ing musical  notes,  happened  to  pass  near  a  hlacksmith's  shop,  and  Lad 
his  attention  arrested  by  hearing  the  hammers,  as  they  struck  the 
anvil,  produce  the  sounda  whioh  had  a  musical  relation  to  each  other. 
On  listening  further,  he  found  that  the  intervals  were  a  Fourth,  a 
Fifth,  and  an  Octave ;  and  on  w  '  h'  th  h  n  m  t  pp  d  th  t 
the  one  which  gave  the  Oct       was     le  k  If  ih     h  t  tl 

which  gave  the  Fifth  was  tw   tk   d        1  th  wh   h  i,        th 

Fourth  was  three-quarters.     H       t        d  h  me,      fi    tcl    p       th 
phenomenon,  made  trials,  and  fi    lly  dj  d  th  t    f  h     t    t  h  1 

musical  strings  of  equal  length    by  w   ghts  wh  h  h       th    p    p  rt 
of  one-half,  two-thirds,  and  three-fourths,  they  produced  mtervals  which 
were  an  Octave,  a  Fifth,  and  a  Fouiih.     This  observation  gave  an 
arithmetical  measure  of  the  principal  Musical  Intervals,  and  made 
Musio  an  arithmetical  subject  of  speculation. 

This  story,  if  not  entirely  a  philosophical  fable,  is  undoubtedly  in- 
accurate ;  for  the  musical  intervals  thus  spoken  of  would  not  be  pro- 
duced by  striking  with  hammers  of  the  weights  there  stated.  But  it 
is  true  that  the  notes  of  strings  have  a  definite  relation  to  the  forces 
which  stretch  them ;  and  this  truth  is  still  the  groundwork  of  the  the- 
ory of  musical  concords  and  discords. 

Nicomachus  aays  that  Pythagoras  found  the  weights  to  be,  as  I 
have  mentioned,  in  the  proportion  of  12,  6,  8,  9;  and  the  intervals, 
an  Octave,  corresponding  to  the  proportion  12  to  6,  or  2  to  1 ;  a  Fifth, 
corresponding  to  the  proportion  12  to  8,  or  3  to  2 ;  and  a  Fourth,  cor- 
responding to  the  proportion  12  to  9,  or  4  to  3.  There  is  no  doubt 
that  this  statement  of  the  ancient  writer  is  inexact  as  to  the  physical 
fact,  for  the  rate  of  vibration  of  a  string,  on  which  its  note  depends,  is. 
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Otter  tilings  being  eijual,  not  as  the  weight,  but  as  tiie  sijuare  root  of 
the  weight.  But  he  is  right  as  to  the  essential  point,  that  those  ratios 
of  2  to  I,  3  to  2,  and  4  to  3,  are  the  characteristic  ratios  of  the  Oc- 
tave, Fifth,  and  Fourth.  In  order  to  produce  these  intervals,  the 
appended  weights  must  bo,  not  as  12,  9,  8,  and  6,  but  as  12,  6f,  5^, 

The  numerical  relations  of  the  other  intervals  of  the  musical  scale, 
as  well  as  of  the  Octave,  Fifth,  aad  Fourth,  were  discovered  by  the 
Greeks.  Thus  they  found  that  the  proportion  in  a  Major  Third  was  5 
to  4 ;  in  a  Minor  Third,  6  to  5  ;  in  a  Major  Tone,  9  to  8 ;  in  a  Semi- 
tone or  Diesis,  16  to  15.  They  even  went  so  far  as  to  determine  the 
Comma,  in  which  the  interval  of  two  notes  is  so  small  that  they  are  in 
the  proportion  of  81  to  80.  This  is  the  interval  between  two  notes, 
each  of  which  may  bo  called  the  Seventeenth  above  the  key-note ; — the 
one  note  being  obtained  by  ascending  a  Fifth  four  times  over ;  tie  other 
being  obtained  by  ascending  through  two  Octaves  and  a  Major  Third. 
The  want  of  exact  coincidence  between  these  two  notes  is  an  inherent 
arithmetical  imperfection  in  the  musical  scale,  of  which  the  conse- 
quences are  very  extensive. 

The  numerical  properties  of  the  musical  scale  were  worked  out  to  a 
very  great  extent  by  the  Greeks,  and  many  of  their  Treatises  on  this 
subject  remain  to  us.  The  principal  ones  are  the  seven  authors  pub- 
lished by  Meibomius.'  These  arithmetical  elements  of  Music  are  to  the 
present  day  important  and  fundamental  portions  of  tlie  Science  of 
Harmonics. 

It  may  at  first  appear  that  the  truth,  or  even  the  possibihty  of  this 
history,  by  referring  the  discovery  to  accident,  disproves  our  doctrine, 
that  this,  hke  all  other  fundamental  discoveries,  required  a  distinct  and 
well-pondered  Idea  as  its  condition.  In  this,  however,  as  in  all  cases 
of  supposed  accidental  discoveries  in  science,  it  will  be  found,  that  it 
was  exactly  the  possesion  of  such  an  Idea  which  made  the  accident 
possible. 

Pythagoras,  assuming  the  truth  of  the  tradition,  must  have  had  an 
exact  and  ready  apprehension  of  those  relations  of  musical  sounds, 
which  are  caJled  respectively  an  Octave,  a  Fifth,  and  a  Fourth,  If  he 
had  not  been  able  to  conceive  distinctly  this  relation,  and  to  apprehend 
it  when  heard,  the  sounds  of  the  anvil  would  have  struck  his  ears  to 
no  more  purpose  than  they  did  those  of  the  smiths  themselves.     He 

'  Anii^ua  Musmie  ScHptorea  sep&m,  1652. 
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must  have  had,  too,  a  ready  familiarity  with  numerical  ratios ;  and, 
moreover  (that  in  which,  probably,  his  superiority  most  consisted),  a 
disposition  to  connect  one  notion  ■with  the  other — the  musical  relation 
with  the  arithmetical,  if  it  were  found  possible.  When  the  conaectioii 
was  once  suggested,  it  was  easy  to  devise  experiments  by  which  it 
might  be  confirmed. 

"The  philosophers  of  the  Pythagorean  School,'  and  in  particular, 
Lasua  of  Hermione,  and  Hippasus  of  Motapontum,  made  many  such 
experiments  upon  strings ;  varying  both  their  lengths  and  the  weights 
which  stretched  them ;  and  also  upon  vessels  filled  with  water,  in  a 
greater  or  less  degree."  And  thus  was  established  that  connection  of 
the  Idea  with  the  Fact,  which  this  Science,  like  all  others,  requires. 


I  shall  quit  the  Physical  Sciences  of  Ancient  Greece,  with  the  above 
brief  statement  of  the  discovery  of  the  fundamental  principles  which 
tiiey  involved ;  not  only  because  such  initial  steps  must  always  be  the 
most  important  in  the  progress  of  science,  but  because,  in  reality,  the 
Greets  made  no  advances  beyond  these.  There  took  place  among 
them  no  additional  inductive  processes,  by  which  new  facts  were 
brought  under  the  dominion  of  principles,  or  by  which  principles  were 
presented  in  a  more  comprehensive  shape  than  before.  Their  advance 
terminated  in  a  single  stride.  Archimedes  had  stirred  the  intellectual 
world,  but  had  not  put  it  in  progressive  motion.;  the  science  of 
Mechanics  stopped  where  he  left  it.  And  though,  in  some  subjects,  as 
in  Harmonics,  much  was  written,  the  works  thus  produced  consisted 
of  deductions  from  the  fundamental  principles,  by  means  of  arithmet^ 
ical  calculatJons ;  occasionally  modified,  indeed,  by  reference  to  the 
pleasures  which  music,  aa  an  art,  affords,  but  not  enriched  by  any  new 
scientific  truths. 

[3d  Ed.]  We  should,  however,  quit  the  philosophy  of  the  ancient 
Greeks  without  a  due  sense  of  the  obligations  which  Physical  Science 
in  all  succeeding  ages  owes  to  the  acute  and  penetrating  spirit  in  which 
their  inquiries  in  that  region  of  human  knowledge  were  conducted,  and 
to  the  large  and  lofty  aspirations  which  were  displayed,  even  in  their 
failure,  if  we  did  not  bear  in  mind  both  tho  multifarious  and  compre- 
hensive character  of  their  attempts,  and  some  of  the  causes  which 
limited  their   progress  in   positive  science.      They  speculated  and 


Ho.ted  by  Google 


108  PHYSICAL  SCIENCES  IN  ANCIENT  GREECE. 

theorized  under  a  Hvely  persuasion  that  a  Science  of  every  part  of 
nature  was  possible,  and  wag  a  fit  object  for  tbe  exercise  of  man's  best 
faculties ;  and  they  were  speedily  led  to  tbe  conviction  tliat  such  a 
6cience  must  clothe  its  conclusions  in  tbe  language  of  mathematics. 
This  conviction  is  eminently  conspicuous  in  the  writings  of  Plato. 
In  tbe  HepuUie,  in  the  Spinomis,  and  above  all  in  the  Timaus,  this 
conviction  makes  him  return,  again  and  again,  to  a  discussion  of  the 
laws  which  had  been  established  or  conjectured  in  his  time,  respecting 
Harmonics  and  Optica,  such  as  we  have  seen,  and  still  more,  respecting 
r,  such  as  we  shall  see  in  the  next  Boot.  Probably  no  suc- 
n  the  discovery  of  the  Laws  of  Nature  was  of  so  much 
importance  as  the  full  adoption  of  this  pervading  convictiou,  tbat  there 
must  be  Mathematical  Laws  of  Nature,  and  that  it  is  the  business  of 
Philosophy  to  discover  these  Laws.  This  conviction  continues,  through 
all  the  succeeding  ages  of  the  history  of  science,  to  be  tlie  animating 
and  supporting  principle  of  scientific  investigation  and  discovery. 
And,  especially  in  Astronomy,  many  of  the  erroneous  guesses  which 
the  Greets  made,  contain,  if  not  the  germ,  at  least  the  vivifying  life- 
blood,  of  great  traths,  reserved  for  future  ages. 

Moreover,  the  Greeks  not  only  sought  such  theories  of  special  parts 
of  nature,  but  a  general  Theory  of  the  Univer^  An  essay  at  such  a 
theory  is  the  Titnceus  of  Plato ;  too  wide  and  too  ambitious  an  attempt 
to  succeed  at  that  time ;  or,  indeed,  on  the  scale  on  which  he  unfolds 
it,  even  in  our  time ;  but  a  vigorous  and  instructne  eximple  of  the 
cWm  which  man's  Intellect  feels  that  it  may  make  to  understand  the 
universal  frame  of  things,  and  to  render  a  reason  toi  all  that  is  pre- 
sented to  it  by  the  outward  senses. 

Further;  we  see  in  Plato,  that  one  of  the  grounds  of  the  failure  in 
this  attempt,  was  the  assumption  that  tbe  reascm.  why  every  thing  is 
what  it  is  and  as  it  is,  must  be  that  so  it  is  best,  according  to  some 
view  of  better  or  worse  attainable  by  man.  Socrates,  in  his  dying 
conversation,  as  given  in  the  Ph<Bdo,  declares  this  to  have  been  what 
be  sought  in  the  philc«ophy  of  bis  time;  and  tells  his  friends  that  he 
turned  away  from  the  speculations  of  Anaxagoras  because  they  did  not 
give  him  such  reasons  for  the  constitution  of  the  world;  and  Plato's 
Timceus  is,  in  reality,  an  attempt  to  supply  this  deficiency,  and  to 
present  a  Theory  of  the  Universe,  in  which  every  thing  is  accounted 
for  by  such  reasons.  Though  this  is  a  failure,  it  is  a  noble  as  well  as 
an  instructive  failure. 
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■nh  a  ii^iis  wtTt  ipofiiiSi  tUv  'SWirrnr,  is  oi  xPn  I'pi  rii  Beta  irorf  vfaYfiaTtieaSai 

oCrl  iYnod  TDtr  rnv  ^iBfluirfvilt  #vi>(v-  aW  oTicv  Bn,  liidMrnrro;  afiroli,  ^uvaxoXavB^d!, 
(ai  fcuB^Dcnii  r^  jij^ivofitva.— Piato,  SpmomU,  p.  98B. 

Nor  ahonld  any  Greek  have  any  misgiving  of  this  kind ;  that  it  is  uot 
fitting  for  US  to  inquiie  narrowly  Into  the  operations  of  Supeiior  Powei-s. 
sucli  as  tliose  by  which  the  motions  of  the  heavenly  bodies  are  prodnced : 
but,  on  the  contrary,  men  shonld  consider  that  the  Divine  Powers  never  act 
without  pm^ose,  and  that  they  know  the  nature  of  man :  they  know  that 
by  their  guidance  and  aid,  man  may  follow  and  comprehend  the  lessons 
which  are  vouchsafed  him  on  such  subjects. 
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INTRODTJCTION. 

THE  earliest  and  fundamental  conceptions  of  men  respecting  the  ob- 
jects with  which  Astronomy  is  concerned,  are  formed  liy  familiar 
processes  of  thought,  without  appearing  to  have  in  them  any  thing 
technical  or  scientific.  Days,  Tears,  Months,  the  Sky,  the  Constella- 
tions, are  notions  which  the  most  uncultured  and  incurious  minds 
possess.  Yet  these  are  elements  of  the  Science  of  Astronomy.  The 
reasons  why,  in  this  case  alone,  of  all  the  provinces  of  human  knowl- 
edge, men  wore  able,  at  an  early  and  unenlightened  period,  to  con- 
struct a  science  out  of  the  obvious  facts  of  observation,  with  the  help 
of  the  common  furniture  of  their  minds,  wO!  be  more  apparent  in  the 
course  of  the  philosophy  of  science  :  but  I  may  hero  barely  mention 
two  of  these  reasons.  They  are,  first,  that  the  familiar  act  of  thought, 
exercised  for  the  common  purposes  of  life,  by  which  wo  give  to  an 
assemblage  of  our  impressions  such  a  unity  as  is  implied  in  the  above 
notions  and  terms,  a  Mouth,  a  Year,  the  Sky,  and  the  like,  is,  in 
reality,  an  inductive  act,  and  shares  the  nature  of  the  processes  by 
which  all  sciences  are  formed ;  and,  in  the  nest  place,  that  the  ideas 
appropriate  to  the  induction  in  this  ease,  are  those  which,  even  in  the 
least  cultivated  miuds,  are  very  clear  and  definite;  namely,  the  ideas 
of  Space  and  Figure,  Time  and  Number,  Motion  and  Eecurrence. 
Heuce,  from  thdr  first  origin,  the  modifications  of  those  ideas  assume 
a  scientific  form. 

We  must  now  trace  in  detail  the  peculiar  course  which,  in  conse- 
quence of  these  causes,  the  knowledge  of  man  respecting  the  heavenly 
bodies  took,  from  the  earliest  period  of  Iiis  history. 
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CHAPTER   I. 
Earliest  Stages  of  Astronomy. 

Sect.  1. — Formation  of  the  Nolion  of  a  Tear. 

TEE  notion  of  a  Day  is  early  and  obviously  impressed  upoa  man  in 
almost  any  condition  in  which  we  can  imagine  him.  The  recur- 
rence of  light  and  darkness,  of  comparative  warmth  and  cold,  of  noise 
and  silence,  of  the  activity  and  repose  of  animals ;— the  rising,  mount- 
ing, descending,  and  setting  of  the  sun; — the  varying  colors  of  the 
clouds,  generally,  notwithstanding  their  variety,  marked  by  a  daily 
progression  of  appearances ; — the  calls  of  the  desire  of  food  and  of 
sleep  in  man  himself,  cither  exactly  adjusted  to  the  period  of  this 
change,  or  at  least  readily  capable  of  being  accommodated  to  it; — the 
recurrence  of  these  circnmstances  at  intervals,  equal,  so  far  as  our  ob- 
vious judgment  of  the  passage  of  time  can  decide ;  and  these  intervals 
so  short  that  the  repetition  is  noticed  with  no  effort  of  attention  or 
memory; — this  assemblage  of  suggestions  makes  the  nolion  of  a  Day 
necessarily  occur  to  man,  if  we  suppose  him  to  have  the  conception  of 
Time,  and  of  Eecurrenee.  He  naturally  marks  by  a  term  such  a  por- 
tion of  time,  and  such  a  cycle  of  recurrence ;  he  calls  each  portion  of 
time,  in  which  this  series  of  appearances  and  occurrences  come  round, 
a  Day;  and  such  a  group  of  particulars  are  considered  as  appearing 
or  happening  in  the  same  day. 

A  Year  is  a  nolion  formed  in  the  same  manner;  implying  in  the 
same  way  the  notion  of  recurring  facts ;  and  also  the  faculty  of  arrang- 
ing facts  in  time,  and  of  appreciating  their  recurrence.  But  the  notion 
of  a  Year,  thongh  undoubtedly  very  obvious,  is,  on  many  accounts, 
less  so  than  that  of  a  Day.  The  repetition  of  similar  circumstances,  at 
equal  intervals,  is  less  manifest  in  this  case,  and  th.Q  intervals  being 
much  longer,  some  exertion  of  memory  becomes  requisite  in  order  that 
the  recurrence  may  be  perceived.  A  child  might  easily  be  persuaded 
that  successive  years  were  of  unequal  length  ;  or,  if  the  summer  were 
cold,  and  the  spring  and  autumn  warm,  might  be  made  to  believe,  if 
all  who  spoke  in  ifs  hearing  agreed  to  support  the  delusion,  that  one 
year  was  two.  It  would  he  impossible  to  practise  such  a  deception  with 
regard  to  the  day,  without  the  use  of  some  artifice  beyond  mere  words. 
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Still,  the  recurrence  of  tlie  appearances  which  suggest  the  notion 
of  a  Year  is  so  obvious,  that  we  can  hardly  conceive  man  without  it. 
But  though,  in  all  climes  and  times,  there  would  he  a  recurrence,  and 
at  the  saiue  iDtervsI  in  all,  the  recurring  appearances  would  be  ex- 
tremely different  in  different  countries;  and  the  contrasts  and  resem- 
blances of  the  seasons  would  be  widely  varied.  In  some  places  the 
winter  utterly  alters  the  face  of  the  country,  converting  grassy  hills, 
deep  leafy  woods  of  various  hues  of  green,  and  running  waters,  into 
snowy  and  icy  waste,  and  hare  snow-laden  branches ;  while  in  others, 
the  field  retains  its  herbage,  and  the  tree  its  leaves,  all  t!ie  year;  and 
the  rains  and  the  sunshine  aJone,  or  larious  agricultural  employments 
quite  different  from  burs,  mark  the  passing  seisons.  Yet. in  al!  parts 
of  the  world  the  yearly  cycle  of  changes  has  been  singled  out  from 
all  others,  and  designated  by  a  peculiar  name.  The  inhabitant  of  the 
equatorial  regions  has  the  sun  vertically  over  him  at  the  end  of  every 
period  of  six  months,  and  similar  trains  of  celestial  phenomena  fill  np 
each  of  these  intervals,  yet  we  do  not  find  years  of  six  months  among 
such  nations.  The  Arabs  alone,'  who  practise  neither  agriculture  nor 
navigation,  have  a  year  depending  npon  the  moon  only  ;  and  borrow 
the  word  from  other  languages,  when  they  speak  of  the  solar  year. 

In  general,  nations  have  marked  this  portion  of  time  by  some  word 
which  has  a  reference  to  the  returning  circle  of  seasons  and  employ- 
ments. Thus  the  Latin  annus  signified  a  ring,  as  we  see  in  the  deriva- 
tive anttnlus:  the  Greek  term  iviavrb^  implies  something  which  re- 
turns into  itself:  and  the  word  as  it  exists  in  Teutonic  languages,  of 
which  our  word  year  is  an  example,  is  said  to  have  its  origin  in  the 
word  yra,  which  means  a  ring  in  Swedish,  and  is  perhaps  connected 
with  the  Latin  gyrus. 

Seel.  2.— Fixation  of  the  Civil  Tear. 
The  year,  considered  as  a  recurring  cycle  of  seasons  and  of  general 
appearances,  must  attract  the  notice  of  man  as  soon  as  his  attention 
and  memory  suffice  to  bind  together  the  parts  of,  a  succession  of  the 
length  of  several  years.  But  to  make  the  same  term  imply  a  certain 
fised  number  of  days,  we  must  know  how  many  days  the  cycle  of  the 
seasons  occupies ;  a  knowledge  which  requires  faculties  and  artifices 
beyond  what  we  have  already  mentioned.  For  instance,  men  cannot 
reckon  as  far  as  any  number  at  all  approaching  the  number  of  days  in 
the  year,  without  possessing  a  system  of  numeral  terms,  and  methods 

■  Idelsr,  Berl  Trans.  181S,  p.  51. 
Vol.  I.— 8 
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of  practical  numeration  on  which  such  a  system  of  terms  is  always 
founded.'  The  South  American  Indians,  the  Koussa  Caffres  and  Hot- 
tentots, and  the  natives  of  New  Holland,  all  of  whom  are  said  to  be 
unable  to  reckon  further  than  the  fingers  of  their  hands  and  feet,^  can- 
not, as  we  do,  include  in  their  notion  of  a  year  the  fact  of  its  consist- 
ing of  366  days.  This  feet  is  not  likely  to  be  known  to  any  nation 
except  those  which  have  advanced  fer  beyond  that  which  may  be  con- 
sidered as  the  earJiest  scientific  process  which  we  can  trace  in  the  his- 
tory of  the  human  race,  the  formation  of  a  method  of  designating  the 
successive  numbers  to  an  indefinite  extent,  by  means  of  names,  framed 
according  to  the  decimal,  quinary,  or  vigenary  scale. 

But  even  if  wo  suppose  men  toh        thhbtt  d       th 

passage  of  each  day,  and  of   count    g  th  th  d  d     t 

would  be  by  no  means  easy  for  them  t    d  t    m       th  t      mbe 

of  days  in  which  the  cycle  of  tLe  seas  rs    f      b       d  fl    t      =s 

of  the  appearances  which  mark  the     m       is        f  th    j  d  th 

changes  to  which  they  are  subject  a,  th     se  ly       1  f 

would  leave  much  uncertainty  respe  tgthl      t         fthy 
They  would  not  obfaia  any  accuracj        th     h     Itllthyhl    t 
tended  for  a  considerable  time  to  th    m  ti  ns      d  pi  f  th 

circumstances  which  require  more  p  f     t      t!       tl     j,         1 

facts  of  the  degrees  of  heat  and  light     Th         t  f  th  tl 

succession  of  the  places  of  his  rising      I     tt    g    t  d  ff       t  t  f 

the  year,  the  greatest  heights  which  he  reaches,  the  proportion  of  the 
length  of  day  and  night,  would  all  exhibit  several  cycles.  The  turning 
back  of  the  sun,  when  he  had  reached  the  greatest  distance  to  the 
south  or  to  the  north,  as  shown  either  by  his  rising  or  by  his  height 
at  noon,  would  perhaps  be  the  most  observable  of  such  circumstances. 
Accordingly  the  rpOTval  iitXioio,  the  turnings  of  the  sue,  are  used  re- 
peatedly by  Hesiod  as  a  mark  from  which  he  reckons  the  seasons  of 
various  employments,  "  Fifty  days,"  he  says,  "  after  the  turning  of 
the  sun,  is  a  seasonable  time  for  beginning  a  voyage.'" 

The  phenomena -would  bo  different  in  different  climates,  but  the 
recurrence  would  be  coromon  to  all.  Any  one  of  these  kinds  of  phe- 
nomena, noted  with  moderate  care  for  a  year,  would  show  what  was 
the  number  of  days  of  which  a  year  consisted  ;  and  if  several  years 

'  Ari&meS^cva  Miayo.  Mdrnp.  (by  Dr.  Peacock),  Art.  8.  '  Ibid,  Art.  82. 

Ei  rrtut  imrm  etfiios.—O^.'ei  Dies,  661. 
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were  included  in  tte  interval  through  which  the  scrutiny  extended, 
the  knowledge  of  the  length  of  tlie  year  so  acquired  would  be  pro- 
portionally more  exact. 

Besides  those  notices  of  the  sun  which  offered  exact  indications  of 
the  seasons,  other  more  indefinite  natural  occurrences  were  used ;  aa 
the  arrival  of  the  swallow  (pQ^kiS^v)  and  the  kite  Q-ktIv).  The  birds, 
in  Aristophanes'  play  of  tiat  name,  mention  it  as  one  of  their  offices 
to  mark  the  seasons  ;  Hesiod  similarly  notices  the  cry  of  the  crane  as 
an  indication  of  the  departure  of  winter/ 

Among  the  Greeks  the  seasons  were  at  first  only  summer  and 
winter  (flepof  and  %e(^iijv),  the  latter  including  all  the  rainy  and  cold 
portion  of  the  year.  The  winter  was  then  subdivided  into  the  ;^:Ki,U(3ii 
and  lap  (winter  proper  and  spring),  and  the  siinimor,  less  definitely, 
into  Sepof  and  &Kwpa  (summer  and  autwmn),  Tacitus  says  that  the 
Germans  knew  neither  the  blessings  nor  the  name  of  autumn,  "  Au- 
tumni  perinde  nomen  ac  bona  ignorantur."  Yet  harvest^  herbst,  is 
certainly  an  old  Gorman  word* 

In  the  same  period  in  which  tlio  sun  goes  through  his  cycle  of  posi- 
tions, the  stars  also  go  through  a  cycle  of  appearances  belonging  to 
tliem ;  and  these  appearances  were  perhaps  employed  at  as  early  a 
period  as  those  of  the  sun,  in  determining  the  exact  length  of  the  year. 
Many  of  the  groups  of  fixed  stars  are  readily  recognized,  as  exhibiting 
always  the  same  configuration ;  and  particular  bright  stars  are  singled 
out  as  objects  of  attention.  These  are  obserred,  at  particular  seasons, 
to  appear  in  the  west  after  sunset;  but  it  is  noted  that  when  they  do 
this,  they  are  found  nearer  and  nearer  to  the  sun  every  successive 
evening,  and  at  last  disappear  in  his  light.  It  is  observed  also,  that  at 
a  certain  interval  afler  this,  fbey  rise  visibly  before  the  dawn  of  day 
renders  the  stars  invisible;  and  after  they  are  seen  to  do  this,  they 
rise  every  day  at  a  longer  interval  before  the  sun.  The  risings  and 
settings  of  the  stars  under  these  circumstances,  or  under  others  which 
are  easily  recognized,  were,  in  countries  where  the  sky  is  usually 
clear,  employed  at  an  early  period  to  mark  the  seasons  of  the  year. 
Eschylus'  makes  Prometheus  mention  this  among  the  benefits  of  which 

»  Ideler,  i.  240.  '  lb.  i,  343. 

'  Oil  ijv  yaf  airolf  oirt  xclfiaras  rltfiap, 

Ofr'  ivBcuiiioas  Jpas,  agSe  imfTil^oK 

GSfll«!  (5/00101''  a\y  Srcp  y,wf.V!  ri  aSv 

AiT-^ui  iiii^i,  i-.'i  re  iostptrooi  Sitrsis—Frsni,.  V.  45*. 
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he,  tlie  teaclier  of  arts  to  the  earliest  race  of  meD,  was  the  corn- 
raunicator. 

Thus,  for  instance,  the  rising  of  tie  Pleiades  in  the  evening  was  a 
mark  of  the  approach  of  winter.  The  rising  of  the  waters  of  the 
Nile  in  Egypt  coincided  with  the  heliacal  rising  of  Siriua,  which  star 
the  Egyptians  called  Sothis.  Even  without  any  artificial  measure  of 
time  or  positioD,  it  was  not  difficult  to  carry  observations  of  this  kind 
to  such  a  degree  of  accuracy  as  to  leam  from  them  the  number  of 
days  which  compose  the  year ;  and  to  fix  the  precise  season  from  the 
appearance  of  the  stars. 

A  knowledge  concerning  the  stars  appears  to  have  been  first  culti- 
vated with  the  last-mentioned  view,  and  makes  its  first  appearance  in 
literature  with  this  for  its  object.  Thus  Hesiod  directs  the  husband- 
man when  to  reap  by  the  rising,  and  when  to  plongh  by  the  Betting 
of  the  Pleiades.'  In  'like  manner  Sirius,"  Arcturus,"  the  Eyades  and 
Orion,"  are  noticed. 

■  Ideler  (Clironol.  i.  242)  aajB  that  thie  rMng  of  tho  Pleiades  took  place  Bt  a  time 
oftha  jcarwliicliooiTesponda  toourlltli  May,  and  tlie  setting  to  the  20th  October ; 
but  tiiiB  does  not  sgreo  with  the  forty  days  of  their  being  "  conoenled,"  which, 
from  the  coutext,  must  meao,  I  conceive,  the  interval  between  their  setting  and 
rising.  Pliny,  however,  Bays,  "Vergiliarnm  eiortu  leatas  inclplt,  oecasu  hiems  ; 
»e»Ms(ri  spalio  intra  BO  mosees  vindemlasque  et  omoinm  maturitatara  oomplexlB.'' 
(H.  N.  iviil,  «9.) 

The  autamn  of  the  Greeka,  It&fa,  was  BBrli«c  than  our  autumn,  foe  Horaer  calls 
Siriue  inTrif  inapiHt,  wliioh  rose  at  the  end  of  July. 

"JipX^oB'  innroTi'  afliroio  ii,  isffoftivdmi- 
At  if  Toi  ri^T^s  "  na!  il^ata  rtnnpdMvTa 

^.diton-ai.  Oji.  et  men,].  8S1. 

»  lb.  1.  41S. 

npBroi  irojijlii/i'oji  lTiTiX>:trai  AKpotei^aioi, 

Op.  etDUs,  I.  5S2. 

'EBr'  Sr  i'  'Uplm  (io!  Sclptof  h  uimylkeil 
Oipavh^,  ApuroBpov  6'  l/iU'i  ^oSaddnnXos  *«!- 

lb.  607. 
1" aOrnp  iijv  Si 

Ai^i'fjini'.  lb.  612. 

Theae  mothodB  ncre  employed  io  a  laia  period,  because  the  Greek  moutiia,  being 
lunar,  did  not  correapond  to  the  seasons.  Tables  of  snoh  motioua  wera  catlad 
^apawiiYiiaTi. — Ideler,  But.  UkterstKhtingtit,  p,  203. 
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By  such  means  it  was  determined  that  the  year  consisted,  at  least, 
nearly,  of  365  days,  Tiie  Egyptians,  as  we  learn  from  Herodotus," 
claimed  the  honor  of  this  discovery  The  priests  informed  him,  he 
says,  "that  the  Egyptians  weie  the  first  men  who  discovered  the  year, 
dividing  it  into  twehe  equil  parts,  and  this  they  asserted  that  they 
discovered  from  the  stars"  Each  of  these  parts  or  months  consist«d 
of  80  days,  and  they  added  5  dajs  more  at  the  end  of  the  year,  "  and 
Ihns  the  circle  of  tie  seasons  come  lound."  It  seems,  also,  that  the 
Jews,  at  an  early  period,  had  a  similar  reckoning  of  time,  for  tht 
Deluge  which  continued  150  days  (Gen.  vii.  24),  is  stated  to  have 
lasted  from  the  17th  day  of  the  second  mon tit  (Gen.  vii.  11)  tothel7th 
day  of  the  seventh  month  (Gen.  viii.  4),  that  is,  5  months  of  30  days. 

A  year  thus  settled  as  a  period  of  a  certain  number  of  days  is  called 
a  Oivil  Year.  It  is  one  of  the  earliest  discoverable  institutions  of 
States  possessing  any  germ  of  civilization ;  and  one  of  the  earliest 
portions  of  human  systematic  knowledge  is  the  discovery  of  the  length 
of  the  civil  year,  so  that  it  should  agree  with  the  natural  year,  or  year 

Sect.  ^.--Correction  of  the  Civil  Tear.     [Julian  Calendar.) 

Is  reahty,  by  such  a  mode  of  reckoning  as  we  have  descvibetl,  the 
circle  of  the  seasons  would  not  come  round  exactly.  The  real  length 
of  the  year  is  very  nearly  363  days  and  a  quarter.  If  a  year  of  365 
days  were  used,  in  four  years  the  year  would  begin  a  day  too  soon, 
when  considered  with  reference  to  the  sun  and  stars ;  and  in  60  yeai* 
it  would  begin  15  days  too  soon  :  a  quantity  perceptible  to  the  loosest 
degree  of  attention.  The  civil  year  would  be  found  not  to  coincide 
with  the  year  of  the  seasons ;  the  beginning  of  the  former  would  take 
place  at  different  periods  of  the  latter ;  it  would  wander  into  various 
seasons,  instead  of  remaining  fixed  to  the  same  season ;  the  term  yeai', 
and  any  number  of  years,  would  become  ambiguous :  some  correction, 
at  least  some  comparison,  would  be  requisite. 

We  do  not  know  by  whom  the  insufficiency  of  the  year  of  365  days 
was  first  discovered;'*  we  find  this  knowledge  diffused  among  all  civil- 
ized nations,  and  various  artifices  used  in  making  the  correction.  The 
method  which  we  employ,  and  which  consists  in  reckoning  an  addi- 

■'  lb.  ih  *. 

"  6yncella3{(?SwB0jnipAiii,  p.  128)  says  thHtEOCordicg  to  the  legend,  it  WHB  King 
Asotli  who  first  added  tlie  S  odditionul  doys  to  360,  for  tlio  year,  in  the  cighWcnUi 
century,  a.  c. 
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tional  day  at  the  cdcI  of  February  every  fourth  or  leap  year,  is  an  ex- 
ample of  the  principle  of  mtertxtlatim,  by  which  the  correction 
was  most  commonly  made.  Methods  of  intercalation  for  the  same 
purpose  were  found  to  exist  ia  the  new  world.  The  Mexicans  added 
13  days  at  the  end  of  every  52  years.  The  method  of  the  Greeks  was 
more  complex  (by  means  of  the  octaeteris  or  cycle  of  8  ycaxa) ;  but 
it  had  the  additional  object  of  accommodating  itself  to  the  motions  of 
the  moon,  and  therefore  must  be  treated  of  hereafter.  The  Egyptians, 
on  the  other  hand,  knowingly  permitted  their  civil  year  to  wander,  at 
least  so  far  as  their  religious  observances  were  concerned.  "  They  do 
not  wish,"  says  Geminus,"  "  the  same  sacrifices  of  the  gods  to  be  made 
perpetually  at  the  same  time  of  the  year,  but  that  they  should  go 
through  all  the  seasons,  so  that  the  same  feast  may  happen  in  summer 
and  winter,  in  spring  and  autumn."  The  period  in  wliich  any  festival 
would  thus  pass  th      gh    11  th  f  the  year  is  1461  yeaia;  for 

1460  years  of  865J-  d  y  q    1  to  14P1  years  of  305  days.     This 

periodof  14B1  ye  rsia  11  d  th  S  th  P  iod,  from  Sothis,  the  name 
of  the  Dog-star,  by  h  h  th  fi  d  ^  was  determined;  and  for 
the  same  reason  it         11  d  th    C         }     Period.'^ 

Other  nations  d  d      t      gul  t    th  vil  year  by  intercalation  at 

short  intervals,  but  t  fi  d  t  by  f  n  when  this  became  neces- 
sary. The  Persia  d  t  h  d  1  1  ^  month  of  30  days  every 
120  years.  The  Rom  c.1  1  t  first  very  rude  in  its  structure, 
was  reformed  by  JS"  m  d  d  t  d  to  be  kept  in  order  by  the 
perpetual  interpos  t  f  th  Th  ,  however,  was,  from  vari- 
ous causes,  not  l  i  ly  d  d  th  onsequenee  was,  that  the 
reckoning  fell  into  tte  1  d  wl  h  tate  it  was  found  by  Julius 
Csesar,  when  he  b  im  d  t  tc  By  the  advice  of  Sosigenes,  he 
adopted  the  mode  ftcalt  f  djin4  years,  which  we  still 
retain ;  and  in  or  1  ti.  t  th  d  gement  which  had  aheady 
been  produced,  he  dd  d  80  d  y  t  y  of  the  usual  length,  which 
thus  became  what  was  W  A  ih  y  f  cmfimon.  The  Julian  Oah 
endar,  thus  reformed,  came  into  use,  January  1,  b.  c.  45, 

Sect.  4. — Attempts  at  tlte  Fixalion  of  the  MontL 

Thb  circle  of  changes  through  which  the  moon  passes  in  about 
thirty  days,  is  marked,  in  the  earliest  stages  of  language,  by  a  word 
which  implies  the  space  of  time  which  one  such  circle  occupies ;  just 

"  Oonol.  y>.  S3,  •' Ceaiorinas  de  IJU  MUtU,  c.  IS. 
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as  the  circle  of  changes  of  the  seasons  is  designated  by  the  word  year. 
The  lunar  changes  are,  indeed,  more  obvious  to  the  sense,  and  stiilie  a 
more  careless  person,  than  the  annual ;  the  moon,  when  tie  sun  is  ab- 
sent, is  almost  the  sole  natural  object  which  attracts  our  notice  ;  and 
we  look  at  her  with  a  far  more  tranquil  and  agreeable  attention  than 
we  bestow  on  any  other  celestial  object.  Her  changes  of  fonn  and 
place  are  definite  and  striking  to  all  eyes ;  they  are  uninterrQpted,  and 
the  duration  of  their  cycle  is  so  short  as  to  require  no  effort  of  memory 
to  embrace  it.  Hence  it  appears  to  be  mora  easy,  and  in.  earlier  stages 
of  civilization  more  common,  to  count  time  by  raoans  than  by  years. 

The  words  by  which  this  period  of  time  is  designated  in  vai'ious  lan- 
gnages,  seem  to  refer  ns  to  the  early  history  of  language.  Our  word 
month  is  connected  with  the  word  moon,  and  a  similar  connection  is 
noticeable  in  the  other  branches  of  the  Teutonic.  The  Greek  word 
ftT/v  in  like  manner  is  related  to  ji^vti,  which  though  not  the  common 
word  for  the  moon,  is  found  in  Homer  with  that  signification.  The 
Latin  word  mensis  is  probably  connected  with  the  same  group." 

The  month  is  not  any  exact  number  of  days,  being  more  than  29, 
and  less  than  30.  The  latter  number  was  first  tried,  for  men  more 
readily  select  numbers  possessing  some  distinction  of  regularity.  It 
existed  for  a  long  period  in  many  countries.  A  very  few  months  of 
30  days,  however,  would  suffice  to  derange  the  agreement  between  the 
days  of  the  months  and  the  moon's  appearance.  A  little  further  trial 
would  show  that  months  of  29  and  30  days  alternately,  would  pre- 
serve, for  a  considerable  period,  this  agreement. 

The  Greeks  adopted  this  calendar,  and,  in  consequence,  considered 
the  days  of  their  month  as  representing  the  changes  of  the  moon :  the 
last  day  of  the  month  was  called  evt)  Kol  via,  "  the  old  and  new,"  aa 
belonging  to  both  the  waning  and  the  reappearing  moon  ■}'  and  their 

"  Cieero  derives  tliia  word  from  the  verb  (o  measure:  "quia  mmjaspatia  ooiiH- 
oiact,  meaaea  nominantur ;"  and  other  etymologists,  with  siroilBr  views,  connect  the 
above-mentioced  words  with  the  Hebrew  laanah,  to  measnie  (with  which  the 
Arafaio  word  aZflianajA  is  connected).  Siioli  a  derivation  would  have  some  analogy 
with  that  of  anmtt,  Ac,  noljced  above  :  hut  if  wa  are  to  attempt  to  ascend  fo  the 
earliest  eondWon  of  language,  we  must  conCMvo  it  probable  that  men  wonld  have 
a  name  for  a  moat  oonspicnous  visible  object,  *Se  town,  before  they  would  have  a 
verb  denoting  the  very  abstraot  and  general  notion,  to  measrire. 

ifi  Aratna  says  of  the  moon,  in  a  passage  quoted  by  Gominna,  p.  88 ; 
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festivals  and  sacrifices,  as  detevmined  by  the  calendar,  Here  conceived 
to  be  necessarily  connected  with  the  same  periods  of  the  cycles  of  the 
sun  and  moon.  "The  laws  and  the  oracles,"  says  Gemiuus,  "  which 
direuted  that  they  should  in  sacrifices  observe  three  things,  months, 
days,  years,  were  so  understood."  "With  this  jiersuasion,  a  correct  sys- 
tem of  intercalation  became  a  religious  duty. 

The  above  rule  of  alternate  months  of  20  and  30  days,  supposes  the 
length  of  the  months  29  days  and  a  half,  which  is  not  exactly  the 
length  of  a  lunar  month.  Accordingly  the  Months  and  the  Moon  were 
soon  at  variance.  Aristophanes,  in  "The  Clouds,"  makes  the  Moon 
complain  of  the  disorder  when  the  calendar  was  deranged. 

;r  Syn,  Tit  i/llpOi 


T^t  fsprfli  plj  rtxi'rci  Kara  Uyoii  tSp  li/icpiir. 

Nribes,  616-19. 
Chohub  OB  Clodds. 
Tha  Moon  by  us  to  you  her  greeting  eends. 
But  bids  OS  say  that  sho's  an  ill-used  moon, 
And  talsBB  it  maeh,  aixijsa  that  joa  Bhonld  aUll 
Shuffle  lier  dnys,  and  turn  them  topsy-turvy : 
And  that  the  gads  (who  know  their  fo^t-days  well) 
By  jour  fhlao  count  ara  sent  home  supperleas, 
And  aoold  and  storm  at  her  for  jour  neglect." 

The  correction  of  this  inaccuracy,  however,  was  not  pursued  sepa- 
rately, but  was  combined  with  another  object,  the  secnring  a  corre- 
spondence between  the  lunar  and  solar  years,  the  main  purpose  of  all 
early  cycles. 

Sect.  5. — Invention  of  Lunisolar  Tears. 

There  are  12  complete  lunations  in  a  year;  which  according  to 
the  above  rule  (of  29j-  days  to  a  lunation)  would  mate  354  days,  leav- 
ing 12J  days  of  difference  between  such  a  Innar  year  and  a  solar  year. 
Tt  is  said  that,  at  an  early  period,  this  was  attempted  to  be  corrected 
by  interpolating  a  month  of  30  days  every  alternate  year ;  and  Herod- 
otus" relates  a  conversation  of  Solon,  implying  a  still  ruder  mode  of 

'"  This  pasango  is  supposed  by  the  ooiiimen labors  to  be  intended  as  asatire  uf>oii 
those  who  had  introduced  tlie  cycle  of  Melon  (apoten  of  in  Sect.  5),  whicli  had 
been  done  at  Athens  a  few  yeare  before  "  The  Clouds"  was  acted. 
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intercalation.  This  can  hardly  be  considered,  as  an  improvement  in 
the  Greek  calendar  already  described. 

The  first. cycle  which  produced  any  near  correspondence  of  the 
reckoning  of  the  moon  and  the  sun,  was  the  OciaSieris,  or  period  of  8 
years :  8  years  of  854  days,  together  with  3  months  of  30  days  each, 
making  up  (in  69  lunations)  2922  days ;  which  is  exactly  the  amount 
of  8  years  of  366^  dajB  each.  Hence  this  period  would  answer  its 
purpose,  so  far  as  the  above  lengths  of  the  lunar  and  solar  cycles  are 
exact ;  and  it  might  aKume  various  forms,  according  to  the  manner  in 
which  the  three  intercalary  months  were  distributed.  The  customary 
method  was  to  add  a  thirteenth  month  at  the  end  of  the  third,  fifth, 
and  eighth  year  of  the  cycle.  This  period  is  ascribed  to  various  per- 
sons and  times ;  probably  difierent  persons  proposed  difierent  forms  of 
it.  Dodwell  places  ifs  introduction  in  the  59t]i  Olympiad,  or  in  the 
fith  century,  s.  c, :  but  Ideler  thinks  the  astronomical  knowledge  of 
the  Greeks  ofthat  age  was  too  limited  to  allow  of  such  a  discovery.    . 

This  cycle,  however,  was  imperfect.  The  duration  of  99  lunations 
is  something  more  than  2922  days;  it  is  more  nearly  2923^;  hence 
in  16  years  there  was  a  deficiency  of  3  days,  with  regard  to  the  mo- 
tions of  the  moon.  This  cycle  of  16  years  {Heccmdecaeteris),  with  3 
interpolated  days  at  the  end,  was  used,  it  is  said,  to  bring  the  calcula- 
tion right  with  regard  to  the  moon ;  but  in  this  way  the  origin  of  the 
year  was  displaced  with  regard  to  the  sun.  After  10  revolutions  of 
this  cycle,  or  130  years,  the  interpolated  days  would  amount  to  30, 
and  hence  the  end  of  the  lunar  year  would  be  a  month  iu  advance  of 
the  end  of  the  solar.  By  terminating  the  lunar  year  at  th.e  end  of  the 
preceding  month,  the  two  years  would  again  be  brought  into  agree- 
ment :  and  we  have  thus  a  cycle  of  160  years."' 

This  cycle  of  160  years,  however,  was  calculated  from  the  cjde  of 
16  years;  and  it  was  probably  never  used  in  civil  leckomng,  which 
the  others,  or  at  least  that  of  8  years,  appear  to  hive  been 

The  cycles  of  16  and  160  years  were  corrections  of  the  cycle  of  8 
years;  and  were  readily  suggested,  when  the  length  of  the  solar  and 
lunar  periods  became  known  with  accuracy.  But  a  much  more  exact 
cycle,  independent  of  these,  was  discovered  and  introduced  by  Meton,** 
432  years  n.  c.  This  cycle  consisted  of  19  years,  and  is  so  correct  and 
convenient,  that  it  is  in  use  among  ourselves  to  this  day.  The  time 
occupied  by  19  yeai's,  and  by  235  lunations,  is  very  nearly  the  same ; 

'■  Geminiis.  Idelcr.  ='  Ideler,  IZist.  Wiiters.  p.  308. 


Ho.i.d  b,  Google 


122  THE   GREEK  ASTEONOMY. 

(the  former  time  is  less  than  6940  days  by  S^  hours,  the  latter,  by  TJ 
hours).  Henc«,  if  the  19  years  be  divided  into  235  moEtha,  so  as  to 
agree  with  the  changes  of  th  m  n  t  th  nl  f  that  period  the 
same  succession  may  begin        n      th  g     t     a  t    ss. 

Ie  order  that  235  month  f  30  ni  9  d  y  n  ay  make  up  6940 
daysj-wemuat  have  125  of  th    f  wh   hw  lied  _/«/?  months, 

and  110  of  the  latter,  wh  h  w  te  m  d  h  U  An  artifice  was 
used  in  order  to  distribute  110  h  11  m  Lth  am  g  6940  days.  It 
will  be  found  that  there  j    a  h  11  w  th  f  h  63  days  nearly. 

Hence  if  we  reckon  30d}t  ymthbtt  every  63d  day 

leap  over  a  day  in  the  reck  g  w  h  11  th  19  years,  omit  110 
days ;  and  this  accordinglj  In       Th      tli     3d  day  of  the  8d 

month,  the  6th  day  of  the  h  m  nth  tl  th  d  y  of  the  7th,  must 
be  omitted,  so  as  to  make  th  m  ths  h  11  w  Of  the  19  years, 
seven  must  consist  of  13  months ;  and  it  does  Bot  appear  to  be  known 
according  to  what  order  these  seven  years  were  selected.  Some  say 
they  were  tho  3d,  6th,  8th,  11th,  14th,  iVth,  and  19th;  others,  the 
Sd,  5th,  8th,  11th,  13th,  16th,  and  19th. 

The  near  coincidence  of  the  solar  and  lunar  periods  in  this  cycle 
of  19  years,  was  undoubtedly  a  considerable  discovery  at  the  time 
when  it  was  first  accomplished.  It  is  not  easy  to  trace  the  way  in 
which  such  a  discovery  was  made  at  that  time ;  for  we  do  not  even 
know  the  manner  in  which  men  then  recorded  the  agreement  or  dif- 
ference between  the  calendar  day  and  the  celestial  phenomenon  which 
ought  to  correspond  to  it  It  is  most  probable  that  the  length  of  the 
month  was  obtained  with  some  exactness  by  the  observation  of  eclipses, 
at  considerable  intervals  of  time  from  each  other ;  for  eclipses  are  very 
noticeable  phenomena,  and  must  have  been  very  soon  observed  to  occur 
only  at  new  and  full  moon." 

The  exact  length  of  a  certain  number  of  months  being  thus  known, 
the  discovery  of  a  cycle  which  should  regulate  the  calendar  with  suf- 
ficient accuracy  would  be  a  business  of  arithmetical  skill,  and  would 
depend,  in  part,  on  the  existing  knowledge  of  arithmetical  methods ; 
but  in  making  the  discovery,  a  natui'al  arithmetical  sagacity  was  prob- 
ably more  efBcacioua  than  method.  It  is  very  possible  that  the  Cycle 
of  Melon  is  correct  more  nearly  than  its  author  was  aware,  and  more 

«  Thacyd.  vii,  50.    'H  osXiSm  ItMaa-  iHyx'vs  yif  laimAv™!  "5i">-  iv.  52.    ToC 
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nearly  than  he  could  ascertain  from  any  evidence  and  lialculation 
tnown  to  him.  It  is  ao  exact  that  it  is  stiU  used  in  calculating  the 
new  moon  for  the  time  of  Easter ;  and  the  Golden  JVumher,  which  is 
spoken  of  in  stating  such  rules,  is  the  nnmher  of  this  Cycle  correspond- 
ing to  the  current  year." 

Melon's  Cycle  was  corrected  a  hundred  years  later  (330  b,  c),  hy 
Calippus,  who  discovered  the  error  of  it  by  observing  an  eclipse  of  the 
moon  six  years  before  the  death  of  Alexander."  In  this  corrected 
period,  four  cycles  of  19  years  were  taken,  and  &  day  left  out  at  the 
end  of  the  76  years,  in  order  to  make  allowance  for  the  hours  by  which, 
as  already  observed,  6940  days  are  greater  than  19  years,  and  than 
235  lunations :  and  this  Calij^c  period  is  used  in  Ptolemy's  Almagest, 
in  stating  observations  of  eclipses. 

The  Metonio  and  CaJippic  periods  undoubtedly  imply  a  very  con- 
siderable degree  of  accuracy  in  the  knowledge  which  the  astronomers, 
to  whom  they  arc  due,  had  of  the  length  of  the  month ;  and  the  first 
is  a  very  happy  invention  for  bringing  the  solar  and  lunar  calendars 
into  agreement. 

The  Roman  Calendar,  fi'om  which  our  own  is  derived,  appears  to 
have  been  a  much  less  skilful  contrivance  than  the  Greek ;  though 
scholars  are  not  agreed  on  the  subject  of  its  construction,  we  can  hardly 
doubt  that  month.s,  in  this  as  in  other  cases,  were  intended  originally 
to  have  a  reference  to  the  moon.  In  whatever  manner  the  solar  and 
lunar  motions  were  intended  to  be  reconciled,  the  attempt  seems  alto- 
gether to  have  failed,  and  to  have  been  soon  abandoned.  The  Roman 
months,  both  before  and  after  the  Julian  correction,  were  portions  of 
the  year,  having  no  reference  to  full  and  new  moons  |  and  we,  having 
adopted  this  division  of  the  year,  have  thus,  in  our  common  calendar, 
the  traces  of  one  of  the  eaily  attempts  of  mankind  to  seize  the  law  of 
the  BuccesMon  of  celestial  phenomena,  in  a  case  where  the  attempt  was 
a  complete  failure. 

Considered  as  a  part  of  the  progress  of  out  astronomical  knowledge, 
improvements  in  the  calendar  do  not  offer  many  points  to  our  observa- 
tion, but  they  exhibit  a  few  very  important  steps.  Calendars  which, 
belonging  apparently  to  unscientific  ages  and  nations,  possess  a  great 
degree  of  accordance  with  the  true  motions  of  the  sun  and  moon  (like 

«  The  same  oyole  of  19  years  has  been,  used  tj  the  Chinese  for  a  very  great 
length  of  time  ;  their  civil  year  coiisistJag,  like  that  of  the  Greeks,  of  months  of  29 
and  SO  days.     The  Siamese  also  have  this  period.  (Asitv^.  lib.  U.  K.) 

"'IJalamb.  A.  A.  p.  17. 
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the  solar  calendar  of  the  Mexicans,  and  the  lunar  calendar  of  the 
Greeks),  contain  the  only  record  now  extant  of  discoveries  which  must 
have  required  a  great  deal  of  observation,  of  thought,  and  probably  of 
time.  The  later  jmprovementa  in  calendars,  which  take  place  when 
astronomical  ohservation  has  been  attentively  pnisued,  are  of  little 
consequence  to  the  history  of  science  ;  for  they  are  generally  founded 
on  astronomical  determinations,  anii  are  posterior  in  time,  and  inferior 
in  accuracy,  to  tie  knowledge  on  which  they  depend.  But  cycles  of 
correction,  which  are  both  short  and  close  to  exactness,  like  that  of 
Meton,  may  perhaps  be  the  ori^nal  form  of  the  knowledge  which  they 
imply;  and  certainly  require  both  accurate  facts  and  sagacious  aiith- 
metlcal  reasonings.  The  discovery  of  such  a  cycle  must  alwajs  have 
the  appearance  of  a  happy  guess,  lite  other  discoveries  of  laws  of 
nature.  Beyond  this  point,  the  interest  of  the  study  of  calendars,  as 
bearing  on  our  subjeof,  ceases :  they  may  bs  considered  as  belonging 
rather  to  Art  than  to  Science ;  rather  as  an  application  of  a  part  of  oui 
knowledge  to  the  uses  of  life,  than  a  means  or  an  evidence  of  its 


Sect.  6. — The  Constellations. 

Some  tendency  to  consider  the  stars  as  formed  into  groups,  is  inevit- 
able when  men  begin  to  attend  to  them  ;  but  how  men  were  led  to 
the  fanciful  system  of  names  of  Stars  and  of  Constellations,  which  we 
find  to  have  prevailed  in  early  times,  it  is  very  difficult  to  determine. 
Single  stars,  and  veiy  close  groups,  as  the  Pleiades,  were  named  in  the 
time  of  Homer  and  Heaiod,  and  at  a  still  earlier  period,  as  we  find  in 
the  book  of  Job,'* 

Two  remarkable  circumstances  with  respect  to  the  Constellations  are, 
first,  that  they  appear  in  most  cases  to  be  arbitrary  combinations ;  the 
artificial  figures  which  are  made  to  include  the  stars,  not  having  any 
resemblance  to  their  obvious  configurations ;  and  second,  that  these 
figures,  in  different  countries,  are  so  far  similar,  as  to  imply  some  eom- 
mnnication.     The  arbitrary  nature  of  these  figures  shows  that  they 

™  Job  isxviii.  81,  "  Canst  thou  bind  the  sweet  influences  of  Chima  {tJie  Ploi- 
adea),  or  loose  the  hands  of  Kesil  (Orion)  1  Cnnat  thon  hring  forth  Mazzaroth 
(Siiina)  in  his  season  ?  or  eanat  thou  gnide  Aah  (or  Aiaoh)  (Arcturus)  with  hia  hour  ?" 

And  ii.  9.  "Which  maketh  Aieturua,  Orion,  and  Pleiades,  and  the  chambers 
of  the  south." 

Dopuis,  v\.  545,  thinksthat  ^isoh  wns«Jf,  tiie  goat  ami  kidn.    See  Hyde.  Ulygh^ 
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were  I'athei'  the  work  of  the  imaginative  and  mythological  teDiienciea 
of  man,  than  of  mere  convenience  and  iove  of  arrangement.  "  The 
conBtellations,"  says  an  astronomer  of  our  own  time,"  "  seem  to  have 
been  almost  purposely  named  and  delineated  to  cause  as  much  confu- 
sion and  inconvenience  as  possible.  Icnumerable  snakes  twine  througji 
long  and  contorted  areas  of  the  heavens,  where  no  memory  can  follow 
them :  bears,  lions,  and  fishes,  large  and  small,  northern  and  southern, 
confuse  all  nomenclature.  A  better  system  of  constellations  might 
have  been  a  material  help  as  an  artificial  memory  "  WL  m  '  V 
cate  the  stars  by  figures,  borrowed  from  obvious  mbi  n  th  y 
led  to  combinations  quite  different  from  the  re         d  t  11  t 

Thus  the  common  people  in  our  own  country  ti   1  a  w 
or  a  plough,  in  a  portion  of  the  great  bear.'' 

The  similarity  of  the  constellations  recognized      d  ft       t  t 

is  very  remarkable.     The  Chaldean,  the  I^ypt  n  a  d  ti     G 
skies  have  a  resemblance  which  cannot  be  ov    look  d      S  m    h 
conceived  that  this  resemblance  may  be  traced  al  th    I  d  d 

Arabic  constellations,  at  least  in  those  of  the  zod  a  °^  B  t  wh  1  th 
figures  are  the  same,  the  names  and  traditions  n  t  1  w  th  th  m 
are  different,  according  to  the  histories  and  local  t        f       h  t  y  " 

the  river  among  the  stars  which  the  Greeks  call  d  th    E    1  tl 

Egyptians  asserted  to  be  the  Kilo.  Some  cone  th  t  th  b  £,  f 
the  Zodiac,  or  path  along  which  the  sun  anl  p        lit 

divisions  marked  by  signs  which  had  a  referent    t    th  f  tl 

seasons,  to  the  motion  of  the  sun,  or  the  employm  t  t  tl  h  1  1 
man.  If  we  take  the  position  of  the  heavens,  wh  h  i  m  th  k  wl 
edge  we  now  possess,  we  are  sure  they  most  have  had  15,000  years 
ago,  the  significance  of  the  signs  of  the  zodiac,  in  which  the  sun  was, 
as  referred  to  tie  Egyptian  year,  becomes  very  marked,"  and  has  led 
some  to  suppose  that  the  zodiac  was  invented  at  such  a  period. 
Others  have  rejected  this  as  an  improbably  great  antiquity,  and  have 
thought  it  more  likely  that  the  constellation  assigned  to  each  season 
was  that  which,  at  that  season,  rose  at  the  beginning  of  the  night : 


"  Sir  J.  Hersoliel. 

«  So  alao  the  Greeks,  Homer,  II.  xvm.  487. 

The  Kortliarn  Bear  whiBh  oft  flia  Warn  they  call. 
■Ap<nn  was  the  traditiooal  name  ;  Sim^a,  that  suggested  bj  the  form. 

"  Dupuis,  vi.  54S.  The  Indian  lodiao  contains,  in  the  place  of  onr  Capricorn,  a 
ram  and  a  fish,  which  proves  the  reacmblancB  without  chance  of  mistake.  Bailly, 
1.  p,  157.  »  Diipiiia,  vi.  54S.     .     "  Laphico,  Md.  Astron.  p.  8, 
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thuB  the  balance  (wLlct  is  conceived  to  designate  tto  equality  of  days 
and  nighfa)  was  pla<;ed  among  the  stars  which  rose  in  the  evening 
when  the  spring  began :  tliis  would  fix  the  origin  of  these  signs  2500 
years  before  our  era. 

It  is  clear,  as  has  already  been  said,  that  Fancy,  and  probably 
Superstition,  had  a  share  in  forming  the  collection  of  consteOations. 
It  is  certain  that,  at  an  eariy  period,  sttperstJtious  notions  were  asso- 
ciated with  the  stars."  Astrology  is  of  very  high  antiquity  in  the 
East.  The  stars  were  supposed  to  influence  the  character  and  destiny  of 
man,  and  to  he  in  some  way  connected  with  superior  natnrea  and  powers. 

We  may,  I  conceive,  look  upon  the  formation  of  the  constellations, 
and  the  notions  thus  connected  with  them,  as  a  very  early  attempt  to 
find  a  meaning  m  the  lelations  ot  the  stars;  and  as  an  utter  failure.- 
The  first  effort  to  associate  the  tppeirances  and  motions  of  the  skies' 
by  conceptions  impljing  unity  and  connection,  was  made  in  a  wrong 
direction,  as  miy  very  easily  be  fcupp^sed.  Instead  of  considering  the 
appearances  only  with  rofeience  to  space,  time,  number,  in  a  manner 
purely  rational,  a  number  of  other  elements,  imagination,  tradition, 
hope,  fear,  awe  of  the  supernatural,  belief  in  destiny,  were  called  into 
action.  Mac,  still  young,  as  a  philosopher  at  least,  had  yet  to  learn 
what  notions  his  successful  guesses  on  these  subjects  must  involve,  and 
what  they  must  exclude.  At  that  period,  nothing  could  be  more  nat- 
ural or  excusable  than  this  ignorance ;  but  it  is  curious  to  see  how 
long  and  how  obstinately  the  belief  hngered  (if  indeed  it  be  yefc 
estinct)  that  the  motions  of  the  stars,  and  the  dispositions  and  fortunes 
of  men,  may  come  under  some  common  conceptions  and  laws,  by 
which  a  connection  between  the  one  and  the  other  may  be  established. 

We  cannot,  therefore,  agree  with  those  who  consider  Astrology  in  the 
early  ^es  as  "  only  a  degraded  Astronomy,  the  abuse  of  a  more 
ancient  science."^  It  was  the  first  step  to  astronomy  by  leading  to 
habits  and  means  of  grouping  phenomena;  and,  after  awhile,  by 
showing  that  pictorial  and  mythological  relations  among  the  stars  had 
no  very  obvious  value.  From  that  time,  the  inductive  process  went  on 
steadily  in  the  trao  road,  under  the  guidance  of  ideas  of  space,  time, 
and  number. 

Sect.  I.—The  Planets. 

While  men  were  becoming  familiar  with  the  fixed  stars,  the  planets 
must  have  attracted  their  notice.     Venus,  from  her  brightness,  and 

"  Dupuis,  v!.  516.  !s  lb.  vi.  546. 
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from  her  accompanying  tte  sun  at  no  great  distance,  and  thus  appear- 
ing as  the  morning  and  evening  star,  was  very  conspicuous.  Pythag- 
oras is  said  to  have  maintained  that  the  evening  and  morning  star 
are  the  same  body,  which  certainly  inust  have  been  one  of  the  earli- 
est discoveries  on  this  subject ;  and  indeed  we  can  hardly  conceive  men 
noticing  tLe  stars  for  a  year  or  two  without  coming  to  this  conclusion. 

Jupiter  and  Mars,  sometimes  still  brighter  than  Venus,  were  also 
very  noticeable.  Satm'n  and  Mercury  were  less  so,  but  in  fine  climates 
they  and  their  motion  would  soon  be  detected  by  persons  observant  of 
the  heavens.  To  reduce  to  any  rule  tlie  movements  of  these  lumina- 
ries must  liave  taken  time  and  thought ;  probably  before  this  was 
done,  certainly  very  early,  these  heavenly  bodies  were  brought  more 
peculiarly  under  those  views  which  we  have  noticed  as  leading  to 
astrology. 

At  a  time  beyond  the  reach  of  certain  history,  the  planets,  along 
with  the  sun  and  moon,  had  been  arranged  in  a  certain  recognized 
order  by  the  Egyptians  or  some  other  ancient  nation.  Probably  this 
arrangement  had  bee  n  d  a  d'  g  to  the  slowness  of  their  mo- 
tions among  tlie  stars  f  th  gh  th  motion  of  eaeK  is  very  variable, 
the  gradation  of  thei       1     ti  n  the  whole,  very  manifest;  and 

the  different  rata  of  tr      11  f  th    different  planets,  and  probably 

other  circumstances  of  d  ff  1  d    n  the  ready  fancy  of  early  times, 

to  the  attribution  of  p  I  h  aeter  to  each  luminary.  Thus 
Saturn  was  held  to  be  of  a  cold  and  gelid  nature ;  Jupiter,  who,  from  his 
more  rapid  motion,  was  supposed  to  be  lower  in  place,  was  temperate; 
Mars,  fiery,  and  the  lika^' 

It  ia  not  necessary  to  dwell  on  the  details  of  these  pe  lat'uns,  hut  we 
may  notice  a  very  remartable  evidence  of  their  ant  qa  ty  and  general  ty 
in  the  structure  of  one  of  the  most  familiar  of  our  m  asu  es  of  t  me 
the  Week.  This  distribution  of  time  according  to  j  cr  h  ot  seven 
days,  comes  down  to  us,  as  we  learn  from  the  Jew  sh  tr  j  tnre  f  om 
the  beginning  of  man's  existence  on  the  earth.  The  same  njsage  a 
found  over  all  the  East ;  it  existed  among  the   ^  b  ini  Assyr  ans, 

"  Achilles  TaOas  (Uraiiol.  pp.  186, 188),  gives  the  Gre  a  a  Egyp  an  names 
of  the  planets. 

Egyptian.  C      k 

SatnrD NcjiEirfu^  Kp  p         ^     u 
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Egyptians.''  The  same  week  is  found  ia  India  among  the  Bramiiis ; 
it  has  there,  also,  its  days  marked  by  those  of  the  heavenly  bodies ; 
and  it  has  been  ascertained  that  the  same  day  has,  in  that  country, 
tiie  name  corresponding  with  its  designation  in  other  nations. 

The  notion  which  led  to  the  usual  designations  of  the  days  of  the 
week  is  not  easily  unravelled.  The  days  each  correspond  to  one  of 
the  heavenly  bodies,  which  were,  in  the  earliest  systems  of  the  world, 
conceived  to  be  the  following,  enumerating  them  in  the  order  of  their 
remoteness  from  the  earth  :'^  Saturn,  Jupiter,  Mars,  the  Sun,  Venus, 
Mercury,  the  Moon.  At  a  later  period,  the  received  systems  placed 
the  seven  luminaries  in  the  seven  spheres.  The  knowledge  which  was 
implied  in  this  view,  and  the  time  when  it  was  obtained,  we  must  con- 
sider hereafter.  The  order  in  which  the  names  are  assigned  to  the 
days  of  the  week  (beginning  with  Saturday)  is,  Saturn,  the  Sun,  the 
Moon,  Mars,  Mercury,  Jupiter,  Venus ;  and  various  accounts  are  given 
of  the  manner  in  which  one  of  these  orders  is  obtained  from  the 
other  ;  all  the  methods  proceeding  upon  certain  arbitrary  arithmetical 
processes,  connected  in  some  way  with  astrological  views.  It  is  per- 
haps not  worth  our  while  here  to  examine  further  the  steps  of  this 
process ;  it  would  be  difficult  to  determine  with  certainty  why  the 
former  order  of  the  planets  was  adopted,  and  how  and  why  the  latter 
was  deduced  from  it  But  there  is  something  veiy  remarkable  in  the 
universality  of  the  notions,  apparently  so  fantastic,  which  have  pro- 
duced this  result ;  and  we  may  probably  consider  the  Week,  with 
Laplace,"  as  "the  most  ancient  monument  of  astronomical  knowl- 
edge." This  period  has  gone  on  without  interruption  or  irregularity 
from  the  earliest  recorded  times  to  our  own  days,  ti'aversing  the  extent 
of  ages  and  the  revolutions  of  empires ;  the  names  of  the  ancient 
deities  which  were  associated  with  the  stars  have  been  replaced  by 
those  of  the  objects  of  the  worship  of  our  Teutonic  ancestora,  accord- 
ing to  their  views  of  the  correspondence  of  the  two  mythologies;  and 
the  Quakers,  in  rejecting  these  names  of  days,  have  cast  aside  the 
most  ancient  existing  relic  of  astrological  as  well  as  idolatrous  super- 
stition. 

Sec.  8.— The  Circles  of  the  Sphere. 

The  inventions  hitherto  noticed,  though  undoubtedly  they  were  steps 
in  astronomieai  knowledge,  can  hardly  be  considered  as  purely  abstract 
and  scientific  speculations;  for  the  exact  reckoning  of  time  is  one  of 

"  Laplace,  Msl.  Astrm.  p.  16.  "  PlaM.  Jfi/=  N".  1         ='  Hist.  Ast.  p.  17. 


Ho.ted  by  Google 


ITS  EARLIEST  STAGES.  129 

the  waBts,  even  of  the  least  civilized  nations.  But  the  distribution  of 
the  places  and  motioDS  of  the  heavenly  bodies  by  means  of  a  celestial 
sphere  with  imaginary  lines  drawn  upon  it,  is  a  step  in.  speculative 
astronomy,  and  was  occasioned  and  rendered  important  by  the  Bcien- 
tifle  propensities  of  man. 

It  is  not  easy  to  say  with  whom  this  notion  originated.  Some  parts 
of  it  are  obvious.  The  appearance  of  tlie  sky  naturally  suggests  the 
idea  of  a  concave  Sphere,  with  tlie  stars  fixed  on  its  surface.  Their 
motions  during  any  one  night,  it  woiild  be  readily  seen,  might  be  repre- 
sented by  supposing  this  Sphere  to  turn  round  a  Pole  or  Axis ;  for 
there  is  a  conspicuous  star  in  the  heavcas  which  apparently  stands  still 
(the  Pole-star) ;  all  the  others  travd  round  this  iu  circles,  and  keep 
the  same  portions  with  respect  to  each  other.  This  stationary  star  is 
every  night  the  same,  and  in  the  same  place ;  the  other  stars  also  have 
the  same  relative  position;  but  their  general  portion  at  the  same  (inie 
of  night  varies  gradually  from  night  to  night,  so  as  to  go  through  its 
cycle  of  appearances  once  a  year.  All  this  would  obviously  agree 
with  the  supposition  that  the  sty  is  a  concave  sphere  or  dome,  that 
the  stars  have  fixed  places  on  this  sphere,  and  that  it  revolves  perpet- 
ually and  uniformly  about  the  Pole  or  fixed  point. 

But  this  suppcsiUon  does  not  at  all  explain  the  way  in  which  the 
appearances  of  different  nights  succeed  each  other.  This,  however, 
may  be  expliuned,  it  appears,  by  supposing  the  sun  also  fo  move  among 
the  stars  on  the  surface  of  the  concave  sphere.  The  sun  by  his  bright- 
ness mnkeb  the  ''tais  invisible  which  are  on  his  side  of  the  heavens; 
this  we  can  easily  believe ;  for  the  moon,  when  bright,  also  puts  ont  all 
but  the  laigest  stars  ini  we  see  the  stars  appearing  in  the  evening, 
each  1 1  its  plii.e  actord  ng  to  their  degree  of  splendor,  as  fast  as  the 
declining  Ight  jf  day  allows  them  to  become  visible.  And  as  the 
sun  br  i  gs  daj  nd  his  ab'ionce  night,  if  he  move  through  the  circuit 
uf  the  stats  in  a  veai  we  shall  have,  in  the  course  of  that  time,  every 
part  of  the  starry  sphere  in  succession  presented  to  us  as  our  noc- 
turnal sL> 

Ihis  noti  n  that  the  sun  moves  round  among  the  stars  in  a  year,  is 
the  basis  of  astronomy,  and  a  considerable  part  of  the  science  is  only 
the  development  and  particularisation  of  this  general  conception.  It 
is  not  easy  to  ascertain  either  the  exact  method  by  which  the  path  of 
the  sun  among  the  stars  was  determined,  or  the  author  and  date  of  the 
discovery.  That  there  is  some  difficulty  in  tracing  the  course  of  the 
aun  among  the  staw  will  be  clearly  seen,  when  it  is  considered  that  no 
Vol..  1.-9 
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star  can  ever  be  seen  at  the  same  time  with  the  sun.  If  the  whole 
circuit  of  the  sky  he  divided  into  twelve  parts  or  signs,  it  is  estimated 
by  AutolyCTis,  the  oldest  writer  on  theao  subjects  whose  works  remain 
to  ns,^  that  tlie  stars  which  occupy  one  of  tiese  parts  are  absorhed  by 
the  solar  rays,  so  that  they  cannot  be  seen.  Hence  the  stare  which 
are  seen  nearest  to  the  place  of  the  setting  and  the  rising  sun  in  the 
evening  and  in  the  morning,  are  distant  from  him  by  the  half  of  a 
sign :  the  evening  stars  being  to  the  west,  and  the  morning  stars  to 
tie  east  of  him.  If  the  observer  had  previously  obtained  a  knowledge 
of  the  places  of  all  the  principal  sfM's,  he  might  in  this  way  deter- 
mine the  position  of  the  sun  each  niglit,  and  thus  trace  his  path  in  a 
year. 

In  this,  or  some  anch  way,  the  sun's  path  was  determined  by  the 
early  astronomers  of  Egypt.  Thales,  who  is  mentioned  as  the  father 
of  Greek  astronomy,  probably  learnt  among  the  Egyptians  the  results 
of  such  speculations,  and  introduced  them  into  his  own  country.  Ilis 
knowledge,  indeed,  must  have  been  a  great  deal  more  advanced  than 
that  which  we  are  now  describing,  if  it  be  true,  as  is  asserted,  that  he 
predicted  an  eclipse.  Bnt  his  having  done  so  is  not  very  consistent  with 
what  we  are  told  of  the  steps  which  his  successors  had  still  to  make. 

The  Circle  of  the  Signs,  in  which  the  sun  moves  among  the  stars, 
is  obliquely  situated  with  regard  to  the  circles  in  which  the  atara  move 
about  the  poles.  Pliny''  states  that  Anaximander,^"  a  scholar  of  Thales, 
was  the  first  person  who  pointed  out  this  obliquity,  and  thus,  as  he 
says,  "opened  the  gate  of  nature."  Certainly,  the  person  who  first 
had  a  clear  view  of  the  nature  of  the  sun's  path  in  the  celestial  sphere, 
made  that  step  which  led  to  all  the  rest ;  but  it  is  difficult  to  conceive 
that  the  Egyptians  and  Chaldeans  had  not  already  advanced  so  far. 

The  diurnal  motion  of  the  celestial  sphere,  and  the  motion  of  the 
moon  in  the  circle  of  the  signs,  gavo  rise  to  a  mathematical  science, 
the  Doclrim  of  the  Sphere,  which  was  one  of  the  earliest  branches  of 
applied  mathematics.  A  number  of  technical  conceptions  aud  terras 
were  soon  introduced.  The  Sphere  of  the  heavens  was  conceived  to  be 
complete,  though  we  see  hut  a  part  of  it ;  it  was  supposed  to  turn  about 
the  visible  po?e  and  another  pole  opposite  to  this,  and  these  poles  were 
connected  by  an  imaginary  Axis.  The  circle  which  divided  the  sphere 
exactly  midway  between  these  poles  was  called  theSquator  (larijiepivo^). 

»>  Dalamb.  A.  A.  p.  xiii.  =»  Lib,  il.  o,  (viil.) 

"  Plutarch,  De  I'lac,  PMl.  lib.  ii.  cap.  xii.  says  Pjtiiogoras  wus  the  author  of 
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The  two  circles  pai  Ulel  to  th  s  wh  ch  bounded  the  'mn  b  path  i  nong 
the  stars  were  cillel  2> /ics  (TpoTTtA-ttf)  because  the  suu  («ni4  hick 
again  towards  the  equator  wheu  he  letches  them  The  stars  which 
never  set  are  bounied  by  a  circle  cill  d  the  4tcl  t  Ct  cle  (dph-riKo^ 
irom.  dpKTog  the  Bear  the  constellation  towhLh  some  ot  the  pnn 
cipal  stars  within  th  it  circle  belong  )  A  circle  about  the  oppos  te 
pole  is  called  ^  ttarc(  c  anl  the  stars  which  aie  withm  it  can  never 
rise  to  ub,"  The  sun  s  pith  or  liicIo  of  the  &  gns  is  ciUed  the  Zodiac 
or  circle  of  animah  thp  j  o  nts  wheie  this  c  icle  meefs  the  e^uatoi 
are  the  Squin  ct  al  Point''  the  days  ani  mights  being  e  jml  when  the 
sun  is  in  them  the  Solstitial  P  i  h  ire  those  wheie  the  s  in  s  path 
touches  the  tropics  his  motion  to  the  south  or  to  tho  north  ceases 
when  he  is  there  and  he  appears  m  that  rospcct  to  stand  still  The 
Colures  (adXoipoi  muhlated)  are  circles  which  piss  through  tho  poles 
and  through  the  equinoctial  and  solstit  al  p  lats  they  h  «  e  then  name 
because  they  are  only  visible  in  part,  a  p  ition  of  them  being  below 
the  horizon. 

The  HoriiO  i  (dpi^uv)  is  commonly  understoc  i  as  tho  bound iry  tt 
the  visible  earth  and  heaven  In  the  doetnne  of  the  spb  re  this 
boundary  is  a  great  circle  that  is  a  circle  tf  which  the  pHne  passes 
through  the  centre  of  the  sphere  ;  and,  therefore,  an  entire  hemisphere 
is  always  above  the  horizon.  The  term  occurs  for  the  first  time  in  the 
work  of  Euclid,  called  Phcenomena  (^aivoiieva).  We  possess  two 
treatises  written  by  Antolycus^'  (who  lived  about  300  B.  o.)  which 
trace  deductively  the  results  of  the  doctrine  of  the  sphere.  Supposing 
its  diurnal  motion  to  be  uniform,  in  a  work  entitled  Ilepi  Kivovjiivr)^ 
S^otpof,  "  On  the  Moving  Sphere,"  he  demonstrates  various  properties 
of  the  diurnal  risings,  settings,  and  motions  of  the  stars.  In  another 
work,  Jlepl  'Emro?Mv  koX  ^'daeuv,  "On  Risings  and  Settings,'"^ 
tacitly  assuming  the  sun's  motion  in  his  circle  to  be  uniform,  he  proves 
certain  propositions,  with  regard  to  those  risings  and  settings  of  the 
stare,  which  take  place  at  the  same  time  when  the  sun  rises  and  sets," 
or  vice  versd  ;"  and  also  their  aj^arent  risings  and  settings  when  they 
cease  to  be  visible  after  sunset,  or  be^n  to  be  visible  after  sunrise,^ 


"  Tha  Arotio  and  Anlarotio  Circles  of  modern  aslrononierfl  are  different  IVom 

«  Dalambrej  Atinm.  Ancieitne,  p.  la. 
*>  Dalambra,  Aetron.  Anc.  p.  25. 
"  Juron^iial  rising  and  setting ;  (iijn 
niglit.) 
■ "  Ifeliacol  rising  and  setting. 
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Several  of  the  propositions  contained  in  the  former  of  these  treatises 
are  still  necessary  to  be  understood,  as  fundamental  parts  of  asti'onomy. 

The  work  of  EucHd,  just  mentioned,  is  of  the  same  kind.  Delam- 
hre"  finds  in  it  evidence  tiat  Euclid  was  merely  a  book-astronomei', 
who  had  never  observed  the  hearens. 

We  may  here  remark  the  first  instance  of  that  which  we  shall  find 
abundantly  illustrated  in  every  part  of  the  liistory  of  science ;  that  man 
iiprone  to  become  a  deductive  reasoaer; — that  as  soon  as  he  obtains 
principles  which  can  be  traced  to  details  by  logical  consequence,  he 
sets  about  forming  a  body  of  science,  by  making  a  system  of  such 
reasonings.  Geometry  has  always  been  a  favorite  mode  of  exercising 
this  propensity :  and  that  science,  along  with  Trigonometry,  Plane 
and  Spherical,  to  whick  the  early  problems  of  astronomy  gave  rise, 
have,  up  to  the  present  day,  been  a  constant  field  for  the  eseroiso  of 
mathematical  ingenuity ;  a  few  simple  astronomical  truths  being  as- 
sumed as  the  basis  of  the  reasoning. 

Sect.  9.— -The  Globular  Form  of  the  ^artk. 

The  establishment  of  the  globular  form  of  the  earth  is  an  important 
step  in  astronomy,  for  it  is  the  first  of  those  convictions,  directly 
opposed  to  the  apparent  evidence  of  the  senses,  which  astronomy 
irresistibly  proves.  To  make  men  believe  that  tip  and  down  are  difier- 
ent  directions  in  different  places;  that  the  sea,  which  seems  so  level, 
is,  in  fact,  convex ;  that  the  earth,  ivhich  appears  to  rest  on  a  solid 
foundation,  is,  in  fact,  not  supported  at  all ;  are  great  triumphs  both  of 
the  power  of  discovering  and  the  power  of  convincing.  We  may 
readily  allow. this,  when  we  recollect  how  recently  the  doctrine  of  the 
antipodes,  or  the  existence  of  inhabitants  of  the  eartk,  who  stand  on 
the  opposite  side  of  it,  with  their  feet  turned  towards  ours,  was  con- 
sidered both  monstrous  and  heretical. 

Yet  the  different  positions  of  the  horizon  at  difierent  places,  neces- 
sarily led  the  student  of  spherical  astronomy  towards  this  notion  of  the 
earth  as  a  round  body.  Anaximander''  is  said  by  some  to  have  held 
the  earth  to  be  globular,  and  to  be  detached  or  suspended ;  he  is  also 
stated  to  have  constructed  a  sphere,  on  which  were  shown  the  extent 
of  land  and  water.  As,  however,  we  do  not  know  the  arguments  upon 
which  he  maintained  the  earth's  globular  form,  we  cannot  judge  of  the 

"  Alt.  Aae.  p.  53.  «  Sao  Bnioltar,  Hid.  PAU.  vol.  i.  p.  486. 
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value  of  his  opinion ;  it  may  have  been,  no  better  founded  than  a 
different  opinion  ascribed  to  him  by  Laortiiis,  that  the  earth  had  the 
shape  of  a  pillar.  Probably,  th  a  th  fth  docfnn  of  tho  globulai' 
form  of  the  earth  were  led  to  t,  as  w  ha  e  ad  by  observing  the 
different  height  of  the  pole  at  d  ff       t  pla  Th  y  ■vs  nld  find  that 

the  space  ■which  they  passed  o  t  m  n  th  t  nth  on  the  eai-th, 
was  proportional  to  the  change  fjla  thh  nn  the  celestial 
sphere ;  and  as  the  horizon  is  at  pla       n  the  d  ection  of  the 

earth's  apparently  level  surface  th  b  t  w  uld  naturally  sug- 
gest to  them  the  opinion  that  th  -iTth  pi  d  w  th  n  the  celestial 
sphere,  as  a  small  globe  in  the  m  dil    of  a  mu  h  la  ge   one. 

"We  find  this  doctrine  so  distinctly  insisted  on  by  Aristotle,  that  we 
may  almost  look  on  him  as  the  establisher  of  it.*'  "  As  to  the  figure  of 
the  earth,  it  must  necessarily  be  spherical."  This  he  proves,  first  by 
the  tendency  of  things,  in  all  pi  d  d       H    then  adds," 

"And,  moreover,  from  the  phe     m  d    g  t    th    sense:  for  if 

it  were  not  so,  the  eclipses  of  th  w     Id      t  h       such  sections 

as  they  have.     For  in  the  confi        t  th  fa  month,  the 

deficient  part  takes  all  different  h  p  t  t  ght  d  concave,  and 
convex ;  but  in  eclipses  it  alw  j  1  as  th  h  f  !  sion  convex ; 
wherefore,  since  the  moon  is  e  I  j     d  q  f  the  interposi- 

tion of  the  earth,  the  periphery  f  th  th  m  t  b  th  cause  of  this 
by  having  a  spherical  form.  Ad  g  tr  th  pp  ranees  of  the 
stars,  it  is  clear,  not  only  that   h  th  d  I   t  that  its  size  is 

not  very  large :  for  when  we  m  1.    a      all  1  to  the  south  or  the 

north,  the  circle  of  the  horizon  b  m  p  !p  tly  d  ff  t,  so  that  the 
stare  overhead  undergo  a  great  change,  and  are  not  the  same  to  those 
that  travel  to  the  north  and  to  the  south.  For  some  stars  are  seen  in 
E^pt  or  at  Cypnas,  but  are  not  seen  in  the  countries  to  the  north  of 
these ;  and  the  stars  that  in  the  north  are  visible  while  they  make  a 
complete  circuit,  there  undergo  a  setting.  So  that  from  this  it  is 
manifest,  not  only  that  the  form  of  the  earth  is  round,  but  also  that  it 
is  a  part  of  not  a  very  large  sphere :  for  otherwise  the  difference  would 
not  be  so  obvious  to  persons  mating  so  small  a  change  of  place. 
Wherefore  we  may  judge  that  those  persona  who  connect  the  region  in 
the  neiffkborhood  of  the  pillars  of  Hereules  with  that  towards  India, 
and  who  assert  iliat  in  this  way  the  sea  is  one,  do  not  assert  things 
very   improbable.     They  confirm    this    conjecture  moreover  by  the 

"  Ariat.  de  (Me,  lib.  ii.  cop.  xiv.  ed.  Cosaub.  p.  390.  *>  p.  291  C. 
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eleptiants,  wticli  are  said  to  be  of  the  same  species  (ysvo^)  towards 
eacK  extreme ;  as  if  this  circumstance  was  a  consequence  of  the  con- 
junction of  the  extremes.  The  inathematiciana,  who  try  to  calculate 
the  measure  of  the  circumference,  make  it  amount  to  400,000  stadia ; 
whence  we  collect  that  the  earth  is  not  only  spherical,  but  la  not  large 
compared  with  the  magnitude  of  the  other  stars." 

"When  this  notion  was  once  suggested,  it  was  i^efended  and  confirm- 
ed hy  such  arguments  as  we  find  in  later  writers :  for  instance,*'  that 
tie  tendency  of  all  things  was  to  fiiU  to  the  place  of  heavy  bodies,  and 
that  this  place  being  the  centre  of  the  earth,  the  whole  earth  had  no 
such  tendency  ;  that  the  inequalities  on  the  surface  were  so  small  as 
not  materially  to  affect  the  shape  of  so  vast  a  mass;  that  drops  of 
water  naturally  form  themselves  into  figures  with  a  convex  surface; 
that  the  end  of  the  ocean  would  fall  if  it  were  not  rounded  off;  that 
we  see  ships,  when  they  go  out  to  sea,  disappearing  downwards,  which 
shows  the  surface  to  be  convex.  These  are  the  arguments  still  em- 
ployed in  impressing  the  doctrines  of  astronomy  upon  the  student  of 
OUT  own  days ;  and  thus  we  find  that,  even  at  the  early  period  of 
which  we  are  now  speaking,  truths  had  begun  to  accumulate  which 
form  a  part  of  our  present  treasures. 

Sect.  10.— The  Phases  of  the  Moon. 

Ww.-E's  men  had  formed  a  steady  notion  of  the  Moon  as  a  solid  body, 
revolving  about  the  earth,  they  had  only  further  to  conceive  it  spheri- 
cal, and  to  suppose  the  sun  to  be  beyond  the  re^on  of  the  moon,  and 
they  wonld  find  that  they  had  obtained  an  explanation  of  the  vaiying 
forms  which  the  bright  part  of  the  moon  assumes  in  the  course  of  a 
month.  For  the  convex  side  of  the  crescent-moon,  and  her  full  edge 
when  she  is  gibbous,  are  always  turned  towards  the  sun.  And  this 
explanation,  once  suggested,  would  be  confirmed,  the  more  it  was  ex- 
amined. For  instance,  if  there  be  near  us  a  spherical  stone,  on  which 
the  sun  is  shining,  and  if  we  place  ourselves  so  that  this  stone  and  the 
moon  are  seen  in  the  same  direction  (the  moon  appearing  just  over 
the  top  of  the  stone),  we  shall  find  that  the  visible  part  of  the  stone, 
which  is  then  illuminated  by  the  sun,  is  exactly  similar  in  form  to  the 
moon,  at  whatever  period  of  her  changes  she  may  be.  The  stone  and 
the  moon  being  in  the  same  position  with  respect  to  us,  and  both 
being  enlightened  by  the  sun,  the  bright  parts  are  the  same  in  figure ; 

'■  Pliny,  mt.  Hut.  li.  lst. 


Ho.ted  by  Google 


ITS  EAELIBST   STAGES.  135 

the  only  difference  is,  that  the  dark  part  of  the  moon  is  usually  not 
visible  at  all. 

This  doctrine  is  ascribed  to  Anasimander.  Aristotle  was  fully  aware 
of  it."  It  could  not  well  escape  the  Chaldeans  and  Egyptians,  if  they 
speculated  at  all  about  the  causes  of  the  appeavances  in  the  heavens. 

Sict.  11.- — Eclipses. 

EcuFSES  of  the  sun  and  moon  were  from  the  earliest  times  regarded 
with  a  peculiar  interest.  The  notions  of  superhuman  influences  and 
I'elations,  which,  as  we  have  seen,  were  associated  with  the  luminaries 
of  the  sky,  made  men  look  with  alarm  at  any  sudden  and  striking 
change  in  those  objects ;  and  as  the  constant  and  steady  course  of  the 
celestial  revolutions  was  contemplated  with  a  feeling  of  admiration 
and  awe,  any  marked  inteiTuption  and  deviation  in  tliie  course,  was 
regarded  with  surprise  and  terror.  This  appears  to  be  the  case  witt 
all  nations  at  an  early  stage  of  their  civilization. 

This  impression  would  cause  Eclipses  to  be  noted  and  remembered  ; 
and  accordingly  we  find  that  the  records  of  Eclipses  are  the  earliest 
astronomical  information  which  we  possess.  Wien  men  had  discov- 
ered some  of  the  laws  of  succession  of  other  astronomical  phenomena, 
for  instance,  of  the  usual  appearances  of  the  moon  and  sun,  it  miglit 
then  occur  to  them  that  these  unusuil  appeaiancea  also  might  proba- 
bly bo  governed  by  some  rule. 

The  search  after  this  rule  was  suecesstul  at  an  eirly  period.  The 
Chaldeans  were  able  to  predict  Eclipses  of  tlie  Moon  This  they  did, 
probably,  by  means  of  their  Cycle  of  223  months,  oi  about  18  years ; 
for  at  the  end  of  this  time,  tiie  eclipses  of  the  moon  begin  to  return,  at 
the  same  intervals  and  in  the  same  order  as  at  the  beginning."  Prob- 
ably this  was  the  first  instance  of  the  prediction  of  peculiar  astronom- 
ical phenomena.  The  Chinese  have,  indeed,  a  legend,  in  which  it  is 
related  that  a  solar  eclipse  happened  in  the  reign  of  Tehongkang, 
above  2000  years  before  Christ,  and  that  the  emperor  was  so  ranch 
iiTitated  against  two  great  officers  of  st^te,  who  had  neglected  to  pre- 
dict this  eclipse,  that  he  put  them  to  death.  But  this  cannot  be 
accepted  as  a  real  event ;  for,  during  t!ie  next  ten  centuries,  wo  find  no 
single  observation  or  fact  connected  with  astronomy  in  the  Chinese 


M  Probl.  Cup.  xv.  Art.  T. 

"Tteeolipeesof  thasun  are  more  difficult  to  ooloulatc  ;  sinco  they  depend  upon 
lie  place  of  the  apeatatar  on  the  cnrth. 
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Iiistories ;  and  their  astronomy  has  never  advanced  beyond  a  very  rnde 
and  imperfect  condition. 

We  eaa  only  conjecture  the  mode  in  which  the  Chaldeans  discovered 
their  Period  of  18  years;  and  we  may  make  very  different  supposi- 
tions with  regard  to  the  degree  of  science  by  which  they  were  !od  to 
it.  We  may  sappose,  with  Deiambre,''  that  they  carefully  recorded 
the  eclipses  which  happened,  and  then,  by  the  inspection  of  theirregia- 
ters,  discovered  that  those  of  the  moon  recurred  after  a  certain  period. 
Or  we  may  suppose,  with  otier  authors,  that  they  sedulously  deter- 
mined the  motions  of  the  moon,  and  having  obtained  these  with  con- 
siderable accuracy,  sought  and  found  a  period  which  should  include 
cycles  of  these  motions.  This  latter  mode  of  proceeding  would  imply 
a  considerable  degree  of  knowledge. 

It  appears  probable  rather  that  such  a  peiiod  was  discovered  by  no- 
ticing the  recurrence  of  eclips^  than  by  studying  the  moon's  motions. 
After  6585^  days,  or  223  lunations,  the  same  eclipses  nearly  will  recur. 
It  is  not  contested  that  the  Chaldeans  were  acquainted  with  this  period, 
which  they  called  SaTos  ;  or  that  they  calculated  eclipses  by  means 
of  it. 

Sect.  12. — Sequel  to  the  Early  Stages  <if  Aslrot/nmy. 

Evert  stage  of  science  has  its  train  of  practical  applications  and 
systematic  inferences,  arising  both  from  the  demands  of  convenience 
and  curiosity,  and  from  the  pleasure  which,  as  we  have  already  said, 
ingenuous  and  active-minded  men  fee!  in  exercising  the  process  of 
deduction.  The  earliest  condition  of  astronomy,  in  which  it  can  be 
looted  upon  as  a  science,  exhibits  several  examples  of  such  applica- 
tions and  inferences,  of  which  we  may  mention  a  few. 

Prediction  of  Eclipses. — ^The  Cycles  whicL  served  to  keep  in  order 
the  Calendar  of  the  early  nations  of  antiquity,  in  some  instances  en- 
abled them  also,  as  has  just  been  stated,  to  predict  Eclipses  ;  and  this 
application,  of  knowledge  necessarily  excited  great  notice.  Cleomedes, 
in  the  time  of  Augustus,  says, "  We  never  see  an  eclipse  happen  which 
has  not  been  predicted  by  those  who  made  use  of  the  Tables."  {b-rrh 
TMV  navovtKuv.) 

Terrestrial  Zones. — The  globular  form  of  the  earth  being  assented 
to,  the  doctrine  of  the  sphere  was  applied  to  the  earth  as  well  as  the 
heavens;  and  the  earth's  surface  was  divided  by  various  imaginary 

"^.^.  p.  aia. 
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circles ;  among  tlie  rest,  the  equator,  tlie  tropics,  and  circles,  at  the 
same  distance  from  the  poles  as  the  tropics  aro  from  the  equator.  One 
of  the  curious  consequences  of  tliis  division  was  the  assumption  that 
there  must  be  some  marked  differcDCo  in  the  stripes  or  zones  iuto 
whicli  the  earth's  surface  was  thus  divided.  In  going  to  the  south, 
Europeans  fouud  countries  hotter  and  hotter,  ia  going  to  the  north, 
colder  and  colder;  and  it  was  supposed  that  the  space  between  the 
tropical  circles  must  be  uninhabitable  from  heat,  and  that  within  the 
polar  circles,  again,  wninhabitable  from  cold.  This  fancy  was,  as  wi' 
now  know,  entirely  unfounded.  But  the  piinciple  of  the  globular 
form  of  the  earth,  when  dealt  with  by  means  of  spherical  geometry, 
led  to  many  true  and  important  propositions  concerning  the  lengths  of 
days  and  nights  at  different  places.  These  propositions  still  form  a 
part  of  our  Elementary  Astronomy. 

Chtomonic. — Another  important  result  of  the  docti'ine  of  the  sphere 
waa  ffmrnonic  or  Bialling,  Anaximenes  is  said  by  Pliny  to  have 
first  taught  this  art  in  Greece  ;  and  botli  he  and  Anaximander  are  re- 
ported to  have  erected  the  first  dial  at  Lacedemon.  Many  of  the 
ancient  dials  remain  to  ns;  some  of  these  are  of  complex  forms,  and 
must  have  required  great  ingenuity  and  considerable  geomrtrical 
knowledge  ia  their  constraction. 

Measure  of  the  Stm's  Distance. — The  explanation  of  the  phases  of 
the  moon  ied  to  no  result  so  remarkable  as  the  attempt  of  Aristarchns 
of  Samos  to  obtain  from  this  doctrine  a  measure  of  the  Distance  of 
the  Sun  as  compared  with  that  of  the  Moon.  If  the  moon  was  a 
perfectly  smooth  sphere,  when  she  was  exactly  midway  between  the 
new  and  full  in  position  (that  is,  a  quadrant  from  the  sun),  she  would 
be  somewhat  more  than  a  half  moon ;  and  the  place  when  she  was 
diekolomized,  that  is,  was  an  exact  semicircle,  the  bright  part  being 
bounded  by  a  straight  line,  would  depend  upon  the  sun's  distance  from 
the  earth.  Aristarchns  endeavored  to  fix  the  exact  place  of  this 
Dichotomy ;  but  the  irregularity  of  the  edge  which  bounds  the  bright 
part  of  the  moon,  and  the  difficalty  of  measuring  with  accuracy,  by 
means  then  in  use,  either  the  precise  time  when  the  boundary  was 
most  nearly  a  straight  line,  or  the  exact  distance  of  the  moon  from  the 
suD  at  that  time,  rendered  his  conclusion  false  and  valueless.  He  col- 
lected that  the  sun  is  at  18  times  the  distance  of  the  moon  from  us  ; 
we  now  know  that  he  is  at  400  times  the  moon's  distance. 

It  would  be  easy  to  dwell  longer  on  subjects  of  this  kind  ;  but  we 
have  ah'cady  perhaps  entered  too  inuch  in  detail.     We  have  been 
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tempted  to  do  tliis  by  tlio  interest  whioL  the  mathematical  spirit  of 
the  Greeks  gave  to  the  earliest  astronomical  discoveries,  whea  these 
were  the  siibjocts  of  their  reasonings ;  but  we  must  now  pi'oceed  to 
contemplate  them  engaged  in  a  worthier  employment,  namely,  in  add- 
ing to  these  discoveries. 


CHAPTER  II. 

PilEI-rDB    TO    THE    InDUCTITE    EfOCI!    OF    IIlPPABOIiUS, 

WITHOUT  pretending  that  we  have  exhausted  the  consequences  of 
the  elementaiy  discoveries  which  we  have  enumerated,  we  now 
proceed  to  consider  the  nature  and  circumstances  of  the  next  great 
discovery  which  makes  an  Epoch  in  the  history  of  Astronomy ;  and 
this  we  shall  find  to  be  the  Theory  of  Epicycles  and  Eccentrics.  Be- 
fore, however,  we  relate  the  establishment  of  this  tiieory,  we  must, 
according  to  the  general  plan  we  have  marted  out,  notice  some  of  the 
conjectnres  and  attempts  by  which  it  was  preceded,  and  the  growing 
acquaintance  with  facts,  which  made  the  want  of  such  an  explana- 
tion felt. 

In  the  steps  previously  made  in  astronomical  knowledge,  no  inge- 
nuity had  been  required  to  devise  the  view  which  was  adopted.  The 
motions  of  the  stars  and  sun  were  most  naturally  and  almost  irresisti- 
bly conceived  as  the  results  of  motion  in  a  revolving  sphere ;  the 
indications  of  position  which  we  obtain  from  different  places  on  the 
earth's  surface,  when  clearly  combined,  obviously  imply  a  globular 
shape.  In  these  cases,  the  first  conjectnres,  the  supposition  of  the 
simplest  form,  of  the  most  uniform  motion,  required  no  after-correc- 
tion. But  this  manifest  simplicity,  this  easy  and  obvious  explanation, 
did  not  apply  to  the  movement  of  all  the  heavenly  bodies.  The 
Planets,  the  "  wandering  stars,"  could  not  be  so  easily  understood ;  the 
motion  of  each,  as  Cicero  says,  "  undergoing  very  remartabte  changes 
in  its  course,  going  before  and  behind,  quicker  and  slower,  appearing 
in  the  evening,  but  gradually  lost  there,  and  emerging  again  in  the 
morning.'"      A  continued  attention  to  these  sfai-s  would,  however, 
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defect  a  kind  of  intricate  regularity  in  tlieir  motions,  wliioh  might 
naturally  be  described  as  "  a  dance,"  The  Chaldeans  are  stated  by 
Diodorua*  to  have  observed  assiduously  the  risngs  aad  settings  of  the 
planets,  from  the  top  of  the  temple  of  Belus.  By  doing  this,  they 
would  find  the  times  in  which  the  forward  and  backward  movements 
of  Saturn,  Jupiter,  and  Mara  recur  ;  and  also  the  time  in  which  they 
come  round  to  the  same  part  of  the  heavens.'  Venus  and  Mercury 
never  recede  far  from  the  sun,  and  the  intervals  which  elapse  while 
either  o£  them  leaves  its  greatest  distance  ftom  the  sun  and  returDS  again 
to  the  greatest  distance  on  the  aarae  side,  would  easily  be  obsei-ved. 

Probably  the  manner  in  which  the  motions  of  the  planets  were 
originaily  reduced  to  rule  was  something  like  the  following  : — In  about 
30  of  oiu-  years,  Saturn  goes  29  times  through  his  Anmnaly,  that  is,  the 
succession  of  varied  motions  by  which  he  sometimes  goes  forwards 
and  sometimes  backwards  among  the  stars.  During  this  time,  he  goes 
once  round  the  heavens,  and  returns  nearly  to  the  same  place.  This 
is  the  cycle  of  his  apparent  motions. 

Perhaps  the  eastern  nations  contented  themselves  with  thus  referring 
these  motions  to  cycles  of  time,  so  as  to  determine  their  r 
Something  of  this  kind  was  done  at  an  early  period,  as  we  have 

But  theGreeks  soon  attempted  to  frame  to  themselves  a  si 
image  of  the  mechanism  by  which  these  complex  motions  were  pro- 
duced; nor  did  they  find  this  difficult.  Venus,  for  instance,  who,  upon 
the  whole,  moves  from  west  to  east  among  the  stars,  is  seen,  at  certain 
intervals,  to  return  or  move  retrograde  a  short  way  back  from  east  to 
west,  then  to  become  for  a  short  time  stationary,  then  to  turn  again 
and  resume  her  direct  motion  westward,  and  so  on.  Now  this  can  be 
explmned  by  supposing  that  she  is  placed  in  the  rim  of  a  wheel,  which 
is  turned  edgeways  to  us,  and  of  which  the  centre  turns  round  in  the 
heavens  from  west  to  east,  while  the  wheel,  carrying  the  planet  in  its 
motion,  moves  round  its  own  centre.  In  this  way  the  motion  of  the 
wheel  about  its  centre,  would,  in  some  situations,  counterbalance  the 
general  motion  of  the  centre,  and  make  the  planet  retrograde,  while, 
on  the  whole,  the  westerly  motion  would  prevail.  Just  as  if  we  sup- 
pose that  a  person,  holding  a  lamp  in  his  hand  in  the  dark,  and  at  a 


itj  in  quo  oursumulta  mirabiliter  effieiens,  turn  antecedendo,  tutu  ratardando, 
m  veepertinis  temporitrH  delitescendo,  turn  matuliiiia  ae  rnranm  aperiendo,  nihil 
jnuttit  BempiteTais  BBJOiiloram  sptatibas,  quin  tudem  iisdem  temporibuB  effieiat." 
id  EO  of  tlie  other  planats. 
'  Del.  A.  A.  i.  p.  4.  =  Pliii.  H.  K  il.  p.  204, 
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distance,  so  that  the  lamp  alone  is  viable,  should  I'un  on  turning  him- 
self round ;  we  should  see  the  light  sometimes  stationary,  sometimes 
retrograde,  but  on  the  whole  progressive. 

A  mechanism  of  this  kind  was  imagined  for  each  of  the  planets, 
and  the  wheels  of  which  we  have  spoken  were  in  the  end  called 
£!picycles. 

The  application  of  such  mechanism  to  the  planets  appears  to  have 
arisen  in  Greece  about  the  time  of  Aristotle.  In  the  worfa  of  Plato 
we  find  a  strong  taste  for  this  kind  of  mechanical  speculation.  In  the 
tenth  book  of  the  "  Polity,"  we  have  the  apologue  of  Alcinus  the 
Pamphylian,  who,  being  supp<Bed  to  he  killed  in  battle,  revived  when 
he  was  placed  on  the  funeral  pyre,  and  related  what  he  had  seen  dur- 
ing his  trance.  Among  other  revelations,  he  beheld  the  machinery  by 
which  all  the  celestial  bodies  revolve.  The  asis  of  these  revolutions 
is  the  adamantine  distaff  which  Destiny  Lolda  between  her  knees ;  on 
this  are  fixed,  by  means  of  different  sockets,  flat  rings,  by  which  the 
planets  are  earned.  The  order  and  magnitude  of  these  spindles  are 
minutely  detailed.  Also,  in  the  "  Epilogue  to  the  Laws"  (I^wtmis), 
he  again  desciibes  the  various  movements  of  the  sky,  so  as  to  show  a 
distinct  acquaintance  with  the  general  character  of  the  planetaiy  mo- 
tions ;  and,  after  speaking  of  the  Egyptians  and  Syrians  as  the  original 
cultivators  of  such  knowledge,  he  adds  some  very  remarkable  exhorta- 
tions to  his  countrymen  to  prosecute  the  subject.  "Whatever  we 
Greeks,"  he  says,  "receive  from  the  barbarians,  we  improve  and  pei 
feet;  there  is  good  hope  and  promise,  therefore,  that  Greeks  will  carry 
this  knowledge  far  beyond  that  which  was  introduced  trom  abroid  " 
To  this  task,  however,  he  looks  with  a  due  appieLiation  of  the  quali 
ties  and  preparation  which  it  requires.  "An  astronomer  must  be,' 
he  says,  "the  wisest  of  men;  his  mind  must  be  duly  disciplmed  in 
youth ;  especially  is  mathematical  study  necessai'^  both  an  acquaint- 
ance with  the  doctrine  of  number,  and  also  with  that  other  bianeh  ol 
mathematics,  which,  closely  connected  as  it  is  with  the  science  ol  the 
heavms,  we  very  absurdly  call  geometry,  the  measurement  of  the  earth.'" 

These  anticipations  were  verj  remarkably  verified  in  the  subsequent 
career  of  the  Greek  Astronomy 

The  theory,  once  luggeattd,  probably  made  rapid  progress,  Siiii- 
plioius'  relates,  that  Euloxus  ot  Cnidus  introduced  the  hypothesis  of 
revolving  circles  or  spheres      Calippus  of  Cyzicus,  having  visited  Polo- 

'  I^nomis,  pp.  988,  990.  '  Lib.  ii,  de  Ccflo.     Biilliaklns,  p.  18. 
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marchuE,  an  intimate  friend  of  Eudoxus,  they  went  tc^ther  to  Athens, 
and  communieated  to  Aristotlo  tte  inveation  of  Endosus,  and  ■with 
his  help  improved  and  corrected  it. 

Probably  at  first  this  hypothesis  was  applied  only  to  account  for  the 
general  phenomeaa  of  the  progressions,  retrogradations,  and  stations 
of  the  planet ;  but  it  was  soon  found  that  the  motions  of  the  sun  and 
raoon,  aad  the  circular  motions  of  the  planets,  which  the  hypothesis 
supposed,  had  other  anomalies  or  irregularities,  which  made  a  further 
extension  of  the  hj-pothesis  necessary. 

The  defect  of  uniformity  in  these  motions  of  the  sun  and  mooa, 
though  less  apparent  than  in  the  planets,  is  easily  detected,  as  soon  as 
men  endeavor  to  obtain  any  accuracy  in  tiioir  obseryations.  We  have 
already  stated  (Chap.  I.)  that  the  Chaldeans  were  in  possession  of  a 
period  of  about  eighteen  years,  which  they  used  in  the  calculation  of 
eclipses,  and  which  might  have  been  discovered  by  close  observation 
of  the  moon's  motions ;  although  it  was  probably  rather  hit  upon  by 
noting  the  recurrence  of  eclipses.  The  moon  moves  in  a  manner 
which  is  not  reducible  to  regularity  without  considerable  care  and 
time.  If  we  trace  her  path  among  the  stars,  we  find  that,  like  the 
path  of  the  sun,  it  is  oblique  to  the  equator,  but  it  does  not,  like  that 
of  tie  sun,  pass  over  the  same  stars  in  successive  revolutions.  Thus 
its  latitude,  or  distance  fi'om  the  equator,  has  a  cycle  different  from  its 
revolution  among  tlie  stars;  and  its  N^odes,  or  the  points  where  it  cuts 
the  equator,  are  perpetually  changing  their  position.  In  addition  to 
this,  the  moon's  motion  in  her  own  path  is  not  uniform;  in  the  course 
of  each  lunation,  she  moves  alternately  slower  and  quicker,  passing 
gradually  through  the  intermediate  degrees  of  velocity ;  and  goes 
through  the  cycle  of  these  changes  in  something  less  than  a  month ; 
this  is  called  a  revolution  oi  Anomaly.  When  the  moon  has  gone 
through  a  complete  number  of  revolutions  of  Anomaly,  and  has,  in  the 
same  time,  returned  to  the  same  position  with  regard  to  the  sun,  and 
also  with  regard  to  her  Nodes,  her  motions  with  respect  to  the  sun 
will  thenceforth  be  the  same  as  at  the  first,  and  all  the  circumstances 
on  which  lunar  eclipses  depend  being  the  same,  the  eclipses  will  occur 
ill  the  same  order.  In  6585^  days  there  are  238  revolutions  of  anom- 
aly, 241  revolutions  with  regard  to  one  of  the  Nodes,  and,  as  we  have 
said,  223  lunations  or  revolutions  with  regard  to  the  sua.  Hence  this 
Period  will  bring  about  a  succession  of  the  same  lunar  eclipses. 

If  the  Chaldeans  observed  the  moon's  motion  among  the  stars  with 
any  considerable  accuracy,  so  as  to  detect  this  period  by  that  means. 
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they  could  hardly  avoid  (H&coveyiug  the  anomaly  or  unequal  motion  of 
tlie  moon ;  for  in  every  revolution,  her  daily  progression  in  the  ieavens 
varies  from  about  twenty-two  to  twenty-six  times  her  own  diameter. 
But  there  is  not,  in  their  knowledge  of  this  Period,  any  evidence  that 
they  had  measured  the  amount  of  this  variation ;  and  Delambre"  is 
probably  right  in  attributing  all  such  olffiervatJons  to  the  Greeks. 

The  sun's  motion  would  also  be  seen  to  ba  irregular  as  soon  as  men 
had  any  exact  mode  of  determining  the  lengths  of  the  four  seasons,  by 
means  of  the  passage  of  the  sun  through  the  equinoctial  and  solstitial 
points.  For  spring,  summer,  autumn,  and  winter,  which  would  each 
consist  of  an  equal  number  of  days  if  the  mofjons  were  uniform,  are, 
in  feet,  found  to  be  unequal  in  length. 

It  was  not  very  difficult  to  see  that  the  mechanism  of  epicycles 
might  be  applied  so  as  to  explain  irregularities  of  this  kind.  A  wheel 
travelling  round  the  earth,  while  it  revolved  upon  its  centre,  might 
produce  the  effect  of  making  the  sun  or  moon  fixed  in  its  rim  go  some- 
times taster  and  sometimes  'ilower  in  appearance,  just  in  the  same  way 
as  the  same  suppo  itions  would  arcount  for  a  planet  going  sometimes 
forwards  and  sometimes  hatliwards :  the  epicycles  of  the  sun  and 
moon  would  tot  this  purjo-^e  be  less  than  those  of  tlie  planets.  Ac- 
cordiuglj,  it  IS  probable  thit,  at  the  time  of  Plato  and  Aristotle, 
philosoihers  were  already  endeavoiing  to  apply  the  hypothesis  to  these 
cases,  though  it  does  not  appear  that  any  one  fully  succeeded  before 
Hipparchua. 

The  problem  which  was  thus  present  to  the  minds  of  astronomers, 
and  which  Plato  is  said  to  have  proposed  to  them  in  a  distinct  form, 
was,  "  To  reconcile  the  celestial  phenomena  by  the  combination  of 
equable  circular  motions."  That  the  circular  motions  should  be  equable 
as  weU  V  circular  was  i  condition  which  if  it  had  been  merely  tried 
at  firat,  as  the  most  i  mple  an!  lefinite  amjecture,  would  have  de- 
served priiae  But  tin  condition  which  la,  in  reality,  inconsistent 
with  nature  was  in  the  spquel,  adheied  to  with  a  pertinacity  which 
introduced  endle=s  complexity  into  the  system.  The  history  of  this 
assumption  !s  one  of  the  most  marked  instances  of  that  love  of  sim- 
pheity  and  symmetiy  which  is  the  source  of  all  general  truths,  though 
it  so  often  produces  and  perpetuates  error.  At  present  we  can  easily 
see  how  fancifully  the  notion  of  simplicity  and  perfection  was  inter- 
s  by  which  the  opinion  was  defended,  that  the 
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real  motions  of  the  heavenly  bodies  must  be  arcular  and  uniform. 
The  Pythagoreans,  as  well  as  the  Platonists  maintained  this  dogma. 
According  to  Oeminns,  "They  bui posed  the  motions  of  the  sun,  and 
the  moon,  and  the  five  planet*  to  he  circular  and  equable :  for  they 
would  not  allow  of  such  disordei  imong  divmo  ind  eternal  things,  as 
that  they  should  sometimes  move  quicker,  and  sometimes  slower,  and 
sometimes  stand  still ;  for  no  one  would  tolerate  such  anomaly  in  the 
movements,  even  of  a  man,  who  was  decent  and  orderly.  The  occa- 
sions of  life,  however,  are  often  reasons  for  men  going  quicker  or 
slower,  but  in  the  incorruptible  nature  of  the  stars,  it  is  not  possible 
that  any  cause  can  be  alleged  of  quickness  and  slowness.  Whereupon 
they  propounded  this  question,  how  the  phenomena  might  be  repre- 
sented by  equable  and  circular  motions." 

These  conjectures  and  assumptions  led  naturally  to  the  establish- 
ment of  tiie  various  parts  of  the  Theory  of  Epicycles.  It  is  probable 
that  this  theoiy  was  adopted  with  respect  to  the  Planets  at  or  before 
the  time  of  Plato.  And  Aristotle  gives  us  an  acconnt  of  the  system 
thus  devised.'  "  Eudoxus,"  he  says,  "attributed  four  spheres  to  each 
Planet ;  the  first  revolved  with  the  fixed  stars  (and  this  produced  the 
diurnal  motion) ;  the  second  gave  the  planet  a  motion  along  the 
ecliptic  (the  mean  motion  in  longitude) ;  the  third  had  its  axis  perpen- 
dicular' to  the  ecliptic  (and  this  gave  the  inequality  of  each  planetary 
motion,  really  arising  fi'om  its  special  motion  about  the  sun);  the 
fourth  produced  the  oblique  motion,  transverse  to  this  (the  motion  in 
latitude)."  He  is  also  said  to  have  attributed  a  motion  in  latitude 
and  a  corresponding  sphere  to  the  Sun  as  well  as  to  the  Moon,  of 
which  it  is  difficult  to  understand  the  meaning,  if  Aristotle  has  reportr 
ed  rightly  of  the  theory ;  for  it  would  be  absurd  to  ascribe  to  Endoxus 
a  knowledge  of  the  motions  by  which  the  sun  deviates  from  the  ecliptic. 
Calippus  conceived  that  two  additional  spheres  must  be  given  to  the 
sun  and  to  the  moon,  in  order  to  explain  the  phenomena:  probably 
lie  was  aware  of  the  inequalities  of  the  motions  of  these  Inminaries. 
He  also  proposed  aa  additional  sphere  for  each  planet,  to  account,  we 
may  suppose,  for  the  results  of  the  eccentricity  of  the  orbits. 

The  hypothesis,  in  this  form,  does  not  appear  to  have  been 

B,  and  was,  moreover,  unnecessarily  complex.     The  resolution 


it  be  a  mistake  of  liie. 
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of  the  obliqTie  motion  of  the  moon  iuto  two  eepai'ate  motions,  by 
Eudoxus,  was  not  tte  simplest  way  of  conceiving  it ;  and  Calippus 
imagined  the  connection  of  these  spheres  in  some  'way  which  made  it 
necessary  neaiiy  to  double  tlieir  number ;  in.  this  manner  his  system 
had  no  less  than  55  spheres. 

Such  was  the  progress  which  the  Idea  of  the  hypothesis  of  epicycles 
tad  made  in  men's  minds,  previously  to  the  establishment  of  the  the- 
ory by  Hipparchus.  There  had  also  been  a  preparation  for  this  step, 
on  the  other  aide,  by  the  collectioH  oi  Facts.  We  knowttat  observa- 
tions of  the  Eclipses  of  the  Moon  were  made  by  the  Chaldeans  367 
B.  c.  at  Babylon,  and  were  known  to  the  Greets ;  for  Hipparchus  and 
Ptolemy  founded  their  Theory  of  the  Moon  on  these  observations. 
Perhaps  we  cannot  consider,  as  equally  certain,  the  story  that,  at  the 
time  of  Alexander's  conquest,  the  Chaldeans  possessed  a  series  of  ob- 
servations, whicli  went  back  1908  years,  and  which  Aristotle  caused 
Callisthenes  to  bring  to  him  in  Greece.  All  the  Greek  observations 
which  are  of  any  value,  begin  with  the  school  of  Alexandria.  Aris- 
tyllus  and  Timocharis  appear,  by  the  citations  of  Hipparchus,  to  have 
observed  the  Places  of  Stars  and  Planets,  and  the  Times  of  the  SoJ- 
stices,  at  various  periods  from  n.  c.  295  to  b.  c.  269.  Without  their 
observations,  indeed,  it  would  not  have  been  easy  for  Hipparchus  to 
establish  either  the  Theory  of  the  Sun  or  the  Precession  of  the  Equi- 

In  order  that  observations  at  distant  intervals  may  be  compared 
with  each  other,  they  must  be  referred  to  some  common  era.  The 
Chaldeans  dated  by  the  era  of  Nabonassar,  which  commenced  749 
B.  c.  The  Greek  observations  were  referred  to  the  Calippic  periods  of 
76  years,  of  which  the  first  began  331  b.  o.  These  are  the  dates  used 
by  Hipparchus  and  Ptolemy. 
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CHAPTER  ni. 
Inductive  Epoch  of  Hipp  arc  iius. 

Sect.  1. — Establishment  of  the  Theory  of  Epicycles  and  Eccentrics. 

\  LTHOUGH,  as  we  have  already  seen,  at  the  time  of  Plato,  the 
-^^  Idea  of  Epicycles  had  been  suggested,  and  the  problem  of  its  gen- 
eral application  proposed,  and  solutions  of  this  problem  offered  by  his 
followers;  we  still  consider  Hipparchus  as  the  real  discoverer  and 
founder  of  that  theory ;  inasmuch  ss  he  not  only  guessed  that  it  might, 
but  showed  that  it  must,  account  for  tho  phenomena,  both  sb  to  their 
nature  and  as  to  their  quantify.  The  assertion  that  "  he  only  discovers 
who  proses,"  is  jnst ;  not  only  because,  until  a  theory  is  proved  to  be 
the  true  one,  it  has  no  pre-eminence  over  the  numerous  other  guesses 
among  which  it  circulates,  and  above  which  the  proof  alone  elevates 
it ;  but  also  because  he  who  takes  hold  of  the  theory  so  as  to  apply 
calculation  to  it,  possesses  it  with  a  distinctness  of  conception  which 
makes  it  peculiarly  his. 

In  order  to  establish  the  Theory  of  Epicycles,  it  was  necessary  to 
assign  the  magnitudes,  distances,  and  positions  of  the  circles  or  spheres 
in  which  the  heavenly  bodies  were  moved,  in  such  a  manner  as  to  ac- 
count for  their  apparently  irregular  motions.  We  may  best  under- 
stand what  was  the  problem  to  be  solved,  by  calling  to  mind  what  we 
now  know  to  be  the  real  motions  of  the  heavens.  The  true  motion  of 
the  earth  round  the  sun,  and  therefore  the  apparent  annual  motion  of 
the  Bun,  is  performed,  not  in  a  circle  of  which  the  earth  is  the  centre, 
but  in  an  ellipse  or  oval,  the  earth  being  nearer  to  one  end  than  to  the 
other;  and  the  motion  is  most  rapid  when  the  sun  is  at  the  nearer 
end  of  this  ova!.  But  instead  of  an  oval,  we  may  suppose  the  sun  to 
move  uniformly  in  a  circle,  the  earth  being  now,  not  in  the  centre, 
but  nearer  to  one  side ;  for  on  this  supposition,  the  sun  will  appear  to 
move  most  quickly  when  ho  is  nearest  to  the  earth,  or  in  his  Periffee, 
as  that  point  is  called.  Such  an  orbit  is  called  an  Eeeentric,  and  the 
distance  of  the  earth  from  the  centre  of  the  circle  is  called  the  Eccen- 
tricity. It  may  easily  be  shown  by  geometrical  reasoning,  that  the 
inequality  of  apparent  motion  so  produced,  is  exactly  the  same  in 
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detail,  aa  tlie  iuequality  wKicli:  follows  from  the  liypotliesis  of  ii  small 
Epicycle,  turning  uniformly  on  its  axis,  and  carrying  the  sun  in  its 
circumference,  while  the  centre  of  this  epicycle  moves  uniformly  in  a 
circle  of  which  the  earth  is  the  centre.  This  identity  of  the  results 
of  the  hypothesis  of  the  Eccentric  and  the  Epicycle  is  proved  by 
Ptolemy  in  the  third  book  of  the  "  Almagest," 

The  Sun's  Ecc&itric. — When  Hipparchua  had  clearly  conceived 
these  hypotheses  as  posiihh  ways  of  accounting  for  the  sun's  motion, 
ti  tasL  1  h  h  had  t  perfona,  in  order  to  show  that  they  desei-ved 
t    b     ad  pt  d  w      t  gas,  place  to  the  Perigee,  a  magnitude  to 

th    E  eni      tj      d        Spoeh  at  which  the  sun  was  at  the  perigee  ; 

1th  th  t  ti  way,  he  had  produced  a  true  representation 
t  th    m  t    ns    f  th  This,  accordingly,  he  did ;  and  having  thus 

d  t  mm  I,  th  aid  able  exactness,  both  the  law  of  the  solar 
IT  g  1     t  d  th        mhers  oa  which  their  amount  depends,  he  was 

II  t  as  th  m  t  s  and  places  of  the  sun  for  any  moment  of 
f  tu     t  m    w  th  p  nding  exactness;  he  was  able,  in  short,  to 

n  t  \.  S  I  T  hi  by  means  of  which  the  sun's  place  with  respect 
to  th  ta  uld  be  rrectly  found  at  any  time.  These  tables  (as 
they  are  given  by  Itolomy)'  give  the  Anomaly,  or  inec[uality  of  tha 
sun's  motion;  and  this  tliey  exhibit  by  means  of  the  Prosthapherexu, 
'the  quantity  of  which,  at  any  distance  of  the  sun  from  the  Apogee,  it  is 
requisite  to  add  to  or  subtract  from  the  arc,  which  he  would  Iiave 
described  if  his  motion  had  been  equable, 

The  reader  might  perhaps  expect  that  the  calculations  which  thus 
exhibited  the  motions  of  the  sun  for  an  indefinite  future  period  must 
depend  upon  a  considerable  number  of  observations  made  at  all  seasons 
of  the  year.  That,  however,  was  not  the  case ;  and  the  genius  of  the 
discoverer  appeared,  as  such  genius  usually  does  appear,  in  his  perceiv- 
ing how  small  a  number  of  facts,  rightly  considered,  were  sufficient  to 
form  a  foundafjon  for  the  theory.  The  number  of  days  contained  in 
two  seasons  of  the  year  sufficed  for  this  purpose  to  Hipparchus. 
"Having  ascertfdned,"  says  Ptolemy,  "that  the  time  from  the  vernal 
equinox  to  the  summer  tropic  is  94^  days,  and  the  time  from  the  sum- 
mer tropic  to  the  autumnal  equinox  92j  days,  trom  these  phenomena 
alone  he  demonstrates  that  the  straight  line  joining  the  centre  of  the 
sun's  eccentric  path  with  the  centre  of  the  aodiac  (the  spectator's  eye) 
is  nearly  the  24th  part  of  the  radius  of  the  eceenttic  path  ;  and  that 

'  Syntax.  1.  iii. 
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its  <ipo;/ee  preceiles  the  siammer  solstice  by  24^  degrees  nearly,  the 
zodiac  containing  860." 

The  exactness  of  the  Solar  Tables,  or  Canori,  which  was  founded  on 
these  data,  was  manifested,  not  only  by  the  coincidence  of  the  sun's 
calculated  place  with  such  observations  as  the  Greek  astronomera  of 
this  period  were  able  to  make  (which  were  indeed  very  rude),  but  by 
its  enabling  them  to  calculate  solar  and  lunar  eclipses;  phenomena 
which  are  a  very  precise  and  severe  trial  of  the  accuracy  of  such  tables, 
inasmuch  as  a  very  minute  change  in  the  apparent  place  of  the  sun  or 
moon  would  completely  alter  the  obvious  features  of  the  eclipse.  Though 
the  tables  of  this  period  were  by  no  means  perfect,  they  bore  with 
tolerable  credit  this  trying  and  perpetually  recurring  test ;  and  thus 
proved  the  soundness  of  the  theory  on  which  the  tables  were  calculated. 

The  Moon's  Eccentric. — The  moon's  motions  have  many  irregulari- 
ties ;  but  when  the  hypothesis  of  an  Eccentric  or  an  Epicycle  had  suf- 
ficed in  the  ease  of  the  sun,  it  was  natural  to  try  to  explain,  in  the 
same  way,  the  motions  of  the  moon ;  and  it  was  shown  by  Hipparchus 
that  such  hypotheses  would  account  for  the  more  obvious  anomalies. 
It  is  not  very  easy  to  describe  the  several  ways  in  which  these  hypoth- 
eses were  apphed,  for  it  is,  in  truth,  very  difficult  to  explain  in  words 
even  the  mere  facts  of  the  moon's  motion.  If  she  were  to  leave  a  vis- 
ible bright  line  beiind  her  in  the  heavens  wherever  she  moved,  the 
path  thus  exhibited  would  be  of  an  extremely  complex  nature ;  the 
circle  of  each  revolution  slipping  away  from  the  preceding,  and  the 
traoes  of  successive  revolutions  forming  a  sort  of  band  of  net-work  run- 
ning round  the  middle  of  the  sky.'  In  each  revolution,  the  motion  in 
longitude  is  affected  by  an  anomaly  of  the  same  nature  aa  the  sun's 
anomaly  already  spoken  of;  but  besides  this,  the  path  of  the  moon 
deviates  from  the  ecliptic  to  the  north  and  to  the  south  of  the  ecliptic, 
and  thus  she  has  a  motion  in  latitude.  This  motion  in  latitude  would 
be  sufficiently  known  if  we  knew  the  period  of  its  restoration,  that  is, 
the  time  which  the  moon  occupies  iu  moving  from  any  latitude  till 
she  is  restored  to  the  same  latitude ;  as,  for  instance,  from  the  ecliptic 
on  one  side  of  the  heavens  to  the  ecliptic  on  the  same  side  of  the 
heavens  again.  But  it  is  found  that  the  period  of  the  restoration  of 
the  Utitude  is  not  the  same  as  the  period  of  tie  restoration  of  the 
longitude,  that  is,  as  the  period  of  the  moon's  revolution  among  the 
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stars ;  and  thus  tlio  moon  describes  a  different  path  among  the  stars 
in  every  successive  revolution,  and  her  path,  as  well  as  her  velocity, 
is  constantly  variable. 

Hipparchus,  however,  reduced  the  motions  of  the  moon  to  rule  and 
to  Tables,  aa  he  did  those  of  the  sun,  and  in  the  same  manner.  Ho 
detenained,  with  much  greater  accuracy  than  any  preceding  astrono- 
mer, the  mean  or  average  equable  motions  of  the  moon  in  longitude 
and  iu  latitude ;  and  he  theu  represented  the  anomaly  of  the  motion 
in  longitude  by  means  of  an  eccentric,  in  the  same  manner  as  he  had 
done  for  the  sun. 

But  here  there  occurred  still  an  additional  change,  besides  those  of 
which  we  have  spoken.  The  Apogee  of  the  Sun  was  always  in  the 
same  place  in  the  heavens ;  or  at  least  so  nearly  so,  that  Ptolemy 
could  detect  no  error  in  the  place  assigned  to  it  by  Hipparchus  250 
years  before.  But  the  Apogee  of  the  Moon  was  found  to  have  a 
motion  among  the  stars.  It  had  been  observed  before  the  time  of 
Hipparchus,  that  in  6585^  days,  there  are  241  revolutions  of  the  moon 
with  regard  to  the  stars,  but  only  239  revolutions  with  regard  to  the 
anomaly.  This  difference  could  be  suitably  represented  by  supposing 
the  eccentric,  in  which  the  moon  moves,  to  have  itself  an  angular 
motion,  perpetually  carrying  its  apogee  in  the  same  direction  in  which 
the  moon  travels ;  but  this  supposition  being  made,  it  was  necessary 
to  determine,  not  only  the  eccentricity  of  the  orbit,  and  place  of  the 
apogee  at  a  certain  time,  but  also  the  rate  of  motion  of  the  apogee 
itself,  in  order  to  form  tables  of  the  moon. 

This  task,  as  we  have  said,  Hipparchus  executed ;  and  in  this  in- 
stance, as  in  the  problem  of  the  reduction  of  the  sun's  motion  to 
tables,  the  data  which  he  found  it  necessary  to  employ  were  very  few. 
He  deduced  all  his  conclusions  from  six  eclipses  of  the  moon.^  Three 
of  these,  the  records  of  which  were  brought  from  Babylon,  where  a 
register  of  such  occurrences  was  kept,  happened  in  the  360th  and 
361th  years  from  the  era  of  Nabonassar,  and  enabled  Hipparchus  to 
determine  the  eccentricity  and  apogee  of  the  moon's  orbit  at  that 
time.  The  three  others  were  observed  at  Alexandria,  in  the  54'?th 
year  of  Nabonassar,  which  gave  him  another  position  of  the  orbit  at 
an  interval  of  180  years;  and  he  thus  became  acquainted  with  the 
motion  of  the  orbit  itself,  as  well  as  its  form.' 

'  Ftol.  Sgn.  iv.  10. 

*  Ptolemy  usee  the  hypotlieBis  of  iiii  epycide  for  themoon'a  flrst  inequality;  but 
SLpparolius  emploja  an  eooaniric. 
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The  moon's  motions  are  really  affected  by  several  other  inequaUties, 
of  very  considerable  amount,  besides  tliosewhici  were  thus  considered 
by  Hipparehus ;  but  the  lunar  paths,  constructed  on  the  above  data, 
posseted  a  considerabie  degree  of  correctness,  and  especially  when 
applied,  as  they  were  principally,  to  tlie  calculation  of  eclipses ;  for 
the  greatest  of  the  additional  irregularities  ivhich  wo  have  mentioned 
disappear  at  new  and  full  moon,  which  are  the  only  times  when 
eclipses  take  place. 

The  numerical  explanation  of  the  motions  of  the  sun  and  moon,  by 
means  of  the  Hypothesis  ofEccentrics,and  the  consequent  construction 
of  tables,  was  one  of  the  great  achievements  of  Hipparehus.  The  general 
explanation  of  the  motions  of  the  placets,  by  means  of  the  hypothesis 
of  epicycles,  was  in  circulation  previously,  as  we  have  seen.  But  the 
special  motions  of  the  planets,  in  their  epicycles,  are,  in  reality,  affected 
by  anomalies  of  the  same  kind  as  those  which  render  it  necessary  to 
introduce  eccentrics  in  the  cases  of  the  sun  and  moon. 

Hipparehus  determined,  with  great  esactne^  the  Mean  Motions  of 
the  Planets ;  but  he  was  not  able,  from  want  of  data,  to  explain  the 
planetary  Irregularities  by  means  of  Eccentrics.  The  whole  mass  of 
good  observations  of  the  planets  which  he  received  from  preceding 
ages,  did  not  contain  so  many,  says  Ptolemy,  as  those  which  he  has 
transmitted  to  us  of  his  own.  "Hence'  it  was,"  he  adds,  "that  while 
he  labored,  in  the  most  assiduous  manner  to  represent  the  motions  of 
the  sun  and  moon  by  means  of  equable  circular  motions ;  with  respect 
to  the  planets,  so  far  as  his  works  show,  he  did  not  even  make  the 
attempt,  but  merely  pnt  the  extant  obsorvaUona  in  order,  added  to 
thorn  himself  more  than  the  whole  of  what  he  received  from,  preceding 
ages,  and  showed  the  insufficiency  of  the  hypothesis  cuiTcnt  among 
astronomers  to  explain  the  phenomena,"  It  appears  that  preceding 
mathematicians  had  already  pretended  to  construct  "a  Perpetual 
Canon,"  that  is,  Tables  which  should  give  the  places  of  the  planets  at 
any  future  time ;  but  these  being  constructed  without  regard  to  the 
eccentricity  of  the  orbits,  must  have  been  very  erroneous. 

Ptolemy  declares,  with  great  reason,  that  Hipparehus  showed  his 
usual  love  of  truth,  and  his  right  sense  of  the  responsibility  of  his 
task,  in  leaving  this  part  of  it  to  future  ages.  The  Theories  of  the 
Sun  and  Moon,  which  we  have  already  described,  constitute  him  a 
great  astronomical  discoverer,  and  justify  the  reputation  he  has  always 

'  SijiL  ix.  2. 
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re  is,  indeed,  no  philosopher  who  is  so  uniformly  spoken 
n  terms  of  admiration.  Ptolemy,  to  whom  lye  owe  our  principal 
i  of  him,  perpetually  couples  with  hia  name  epithets  of 
prMse :  he  is  not  only  au  excellent  and  careful  observer,  hut  "  a"  most 
truth-loving  and  labor-loving  person,"  one  who  had  shown  extraordi- 
nary sagacity  aud  remarkable  desire  of  truth  in  every  part  of  science. 
Pliny,  after  mentioning  him  and  Tiiales,  breaks  out  into  one  of  his 
passages  of  declamatory  vehemence  t  "  Great  men !  elevated  above  the 
common  standard  of  human  nature,  by  discovering  the  laws  which 
celestial  occurrences  obey,  and  by  freeing  the  wretched  mind  of  man 
from  the  fears  which  eclipses  inspired — Hail  to  you  aud  to  your 
genius,  interpreters  of  heaven,  worthy  recipients  of  the  laws  of  the 
universe,  authors  of  principles  which  connect  gods  and  men  !"  Modern 
writers  have  spokenof  Hipparehua  with  the  same  admiratioii ;  and  even 
the  exact  but  severe  historian  of  astronomy,  Delambre,  who  bestows  his 
praise  so  sparingly,  and  his  sarcasm  so  generally ; — who  says'  that  it  is 
unfortunate  for  the  memory  of  Aristarchus  ttat  his  work  has  come  to  us 
entire,  aud  who  cannot  refer'  to  the  statement  of  an  eclipse  rightly  pre- 
dicted by  Halicou  of  Cyzicus  without  adding,  that  if  the  story  be  true, 
Halicon  was  more  lucky  than  prudent ;— loses  all  his  bitterne^  when 
he  comes  to  Hipparohiis.^  "In  Hipparohus,"  says  he,  "we  find  one 
of  the  most  extraordinary  men  of  antiquity;  the  vejy  greatest,  in  the 
sciences  which  require  a  combination  of  observation  with  geometry." 
Delambre  adds,  appaventiy  in  the  wish  to  reconcile  this  eulogium  with 
the  depreciating  manner  in  which  he  habitually  speaks  of  all  astrono- 
mers whoso  observations  are  inexact, "  a  long  period  and  the  continued 
efforts  of  many  industrious  men  are  requisite  to  produce  good  instru- 
ments, but  energy  and  assiduity  depend  on  the  man  himself," 

Hipparchus  was  the  author  of  other  great  discoveries  and  improve- 
ments in  astronomy,  besides  the  establishment  of  the  Doctrine  of 
Eccentrics  and  Epicycles;  but  this,  being  the  greatest  advance  in  the 
theory  of  the  celestial  motions  which  wia  made  by  the  ancients,  must 
be  the  leading  subject  of  our  attention  in  the  present  work ;  our  object 
being  to  discover  in.  what  the  progress  of  real  theoretical  knowledge 
consists,  and  under  what  circumstances  it  has  gone  on. 


*  Syn.  ix.  2.  '  Aati-ommie  Ancimiie,  i. 
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Sect.  2. — Efiimate  of  the  Value  of  the  Theory  of  Eccentrics  and 
E}>icydes. 

It  may  be  useful  here  to  explain  the  value  of  the  theoretical  step 
which  Hipparchtia  thus  made ;  aud  the  nkore  so,  as  there  are,  per- 
haps, opinioDs  in  popular  circulation,  which  might  lead  men  to  think 
lightly  of  the  merit  of  introducing  or  establishing  the  Doctrine  of  Epi- 
cycle'! For,  ill  the  first  place,  this  doctrine  is  now  acknowledged  to 
be  false ,  and  some  of  the  greatest  men  in  the  more  modern  history  of 
flstionomy  owe  the  brightest  part  of  their  fame  to  their  having  been 
instrumental  in  overfuvning  this  hypothesis.  And,  moreover,  in  the 
next  pUce,  tte  theory  is  not  only  false,  but  extremely  perplexed  and 
entangled,  so  that  it  is  usually  looked  upon  as  a  mass  of  arbitrary  and 
.absurd  complication  Mosl  persons  are  familiar  with  passages  iu 
which  it  is  thus  spoken  of.'" 

He  his  fatrio  of  Uio  heavens 

Hath  left  to  their  disputfls,  perhaps  io  move 
His  lUDghtei  at  their  quuut  epinions  wide ; 
Hereafl«r,  when  they  come  to  model  heaven 
And  oaloolate  the  Btars,  how  will  they  wield 
The  mighty  frame  1  how  build,  unbuild,  contrive, 
To  save  appBaranooa  I  how  gird  the  sphere 
With  oeaWio  and  eccentric  scribbled  o'er, 
Cjole  in  epitjcle,  orb  in  orb  I 

And  every  one  will  recollect  the  celebrated  saying  of  Alphonso  X., 
^ing  of  Castile,"  when  this  complex  system  was  explained  to  him; 
that  "if  God  had  consulted  him  at  the  creation,  the  universe  should 
have  been  on  a  better  and  simpler  plan."  In  addition  to  this,  the  sys- 
tem is  represented  as  involving  an  extravagant  conception  of  the  nature 
of  the  orbs  which  it  introduces ;  that  they  arc  crystalline  spheres,  and 
that  the  vast  spaces  which  intervene  between  the  celestial  luminaries 
are  a  solid  mass,  formed  by  the  fitting  together  of  many  masses  perpet- 
ually in  motion ;  an  imagination  which  is  presumed  to  be  incredible 
and  monstrous. 

We  must  endeavor  to  correct  or  remove  these  prejudices,  not  only 
in  order  that  we  may  do  justice  to  the  Hipparchian,  or,  as  it  is  usually 
called,  Ptolemaic  system  of  astronomy,  and  to  its  founder ;  but  for  an- 
other reason,  much  more  impoitant  to  the  purpose  of  this  work; 

1"  Paradise  Lost,  ym.  "  A.  D.  126a, 
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namely,  that  we  may  see  how  theories  may  be  iiighly  estimable,  though 
they  contain  false  representations  of  the  real  state  of  things,  and  may 
be  estremely  useful,  though  they  involve  unnecessary  complexity.  In 
the  advance  of  knowledge,  the  valne  of  the  true  part  of  a  theory  may 
much  outweigh  the  accompanying  error,  aiid  the  use  of  a  rule  may  be 
little  impaired  by  its  want  of  simplicity.  The  first  steps  of  our  prog- 
ress do  not  lose  their  importance  because  they  are  not  the  last ;  and 
the  outset  of  the  journey  may  require  no  less  vigor  and  activity  than 
its  cltee. 

That  which  is  true  in  the  Hipparchian  theory,  and  which  no  suc- 
ceeding diaeoveries  have  deprived  of  its  value,  is  the  Besolution  ol  th^ 
apparent  motions  of  tlie  heavenly  bodies  into  an  assemblage  of  circular 
motions.  The  test  of  the  truth  and  reality  of  this  Resolution  is,  that 
it  leads  to  the  construction  of  theoretical  Tables  of  the  motions  of  the 
luminaries,  by  which  their  places  are  given  at  any  time,  agreeing  nearly 
with  their  places  as  actually  observed.  The  assumption  that  these 
circular  motions,  thus  introduced,  are  all  exactly  uniform,  is  the  fun- 
damental principle  of  the  whole  process.  This  assumption  is,  it  may 
be  said,  false  ;  and  we  have  seen  how  fantastic  some  of  the  arguments 
were,  which  were  originally  urged  in  its  favor.  But  some  assumption 
is  necessary,  in  order  that  the  motions,  at  different  points  of  a  revolu- 
tion, may  be  somehow  connected,  that  is,  in  order  that  we  may  have 
any  theory  of  the  motions ;  and  no  assumption  more  simple  than  the 
one  now  mentioned  can  be  selected.  The  merit  of  the  theory  is  this ; 
— that  obtaining  the  amount  of  the  eccenti'icity,  the  place  of  the 
apogee,  and,  it  may  be,  Other  elements,  from  n/eiD  observations,  it  de- 
duces from  these,  results  agreeing  with  all  observations,  however 
numerous  and  distant.  To  express  an  inequality  by  means  of  an  epi- 
cycle, implies,  not  only  that  there  is  an  inequality,  bat  further, — that 
the  inequality  is  at  its  greatest  value  at  a  certain  known  place, — dimin- 
ishes in  proceeding  from  that  place  by  a  known  law, — contmues  ifs 
diminution  for  a  known  portion  of  the  levolution  of  the  luminary, — 
then  increases  again;  and  so  on  :  that  is,  the  mtioduction  of  the  epi- 
cycle represents  the  inequality  of  motion,  as  completely  as  it  can  be 
represented  with  respect  to  its  quantity. 

We  may  further  illustrate  this,  by  lemarking  that  such  a  Kesohition 
of  the  unequal  motions  of  the  heavenly  bodies  mto  equable  tirtulii 
motions,  is,  in  fact,  equivalent  to  the  mo»t  leccnt  and  improved  pro- 
cesses by  which  modern  astronomers  deal  with  such  motions  Their 
universal  method   is  to  resolve  all  UDC|ual  m  itiona  into  a  spries  i>i 
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terms,  or  expressions  of  partial  motions ;       i   1  es    t    m  1      -ines 

and  cosines,  that  is,  certain  tecimical  mod  f  m  a  a^  ula  mo- 
tion, the  circular  motion  kaving  some  n  tant  1  t  on  to  the  t  me. 
And  tliiia  the  problem  of  the  resolutio  f  th  1  t  1  m  t  n  ofo 
equable  circular  ones,  which  was  prop  nd  d  ab  tw  th  and 
years  ago  ia  the  school  of  Plato,  is  still  the  great  object  of  the  study 
of  modern  astronomers,  whether  observers  or  calculators. 

That  Hipparchua  should  have  succeeded  in  the  first  great  steps  of 
this  resolution  for  the  sun  and  moon,  and  should  have  seen  its  appli- 
cability in  other  cases,  is  a  circumstance  which  gives  him  one  of  the 
most  distinguished  places  iu  the  roll  of  great  astronomers.  As  to  the 
charges  or  the  sneers  against  the  complexity  of  his  system,  to  which 
we  have  deferred,  it  is  easy  to  see  that  they  are  of  no  force.  As  a 
system  of  cal&ilation,  his  is  not  only  good,  but,  as  we  have  just  swd, 
iu  many  cases  no  better  has  yet  been  discovered.  If,  when  the  actual 
motions  of  the  heavens  are  calculated  in  the  best  possible  way,  the 
process  is  complex  and  difBcult,  and  if  we  are  discontented  at  this, 
nature,  and  not  the  astronomer,  must  be  tlie  object  of  our  displeasure. 
This  plea  of  the  astronomers  must  be  allowed  to  be  reasonable.  "  We 
must  not  be  repelled,"  says  Ptolemy,"  "by  the  complexity  of  the 
hypotheses,  but  explain  the  phenomena  as  well  as  we  can.  If  the 
hypotheses  satisfy  each  apparent  inequality  separately,  the  combination 
of  them  will  represent  the  truth ;  and  why  should  it  appear  wonderful 
to  any  that  such  a  complexity  should  exist  in  the  heavens,  when  we 
know  nothing  of  their  nature  which  entities  us  to  suppose  that  any  in- 
eonsisfency  will  result  5" 

But  it  may  be  said,  we  now  know  that  the  motions  are  more  simple 
than  they  were  thus  represented,  and  that  the  Theory  of  Epicycles  w^ 
false,  as  a  conception  of  the  real  construction  of  the  heavens.  And  to 
this  we  may  reply,  that  it  does  not  appear  that  the  best  astronomers 
of  antiquity  conceived  the  cycles  and  epicycles  to  have  a  material 
existence.  Though  the  dogmatic  philosophers,  as  the  Aristotelians, 
appear  to  have  taught  that  the  celestial  spheres  were  real  solid  bodies, 
they  are  spoten  of  by  Ptolemy  as  imaginary ;"  and  it  is  clear,  from 
his  proof  of  tiie  identity  of  the  results  of  the  hypothesis  of  an  eccentric 
and  an  epicycle,  that  they  are  intended  to  pass  for  no  more  than  geo- 
metrical conceptions,  in  which  view  they  are  true  representations  of 
the  apparent  motions. 
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It  is  true,  that  tbe  I'eal  motions  of  the  heavenly  bodies  are  simpler 
than,  tie  apparent  motions ;  and  tliat  we,  who  are  in  the  habit  of 
representing  to  our  minds  their  real  arrangement,  become  impatient  of 
the  seeming  confusion  and  disorder  of  the  ancient  hypotheses.  But 
this  real  arraagenient  never  could  have  been  detected  h 
if  the  apparent  motions  had  not  been  strictly  examined  and  s 
analyzed.  How  far  the  connection  between  the  (sets  and  the  trne 
tieory  is  from  being  obvious  or  easily  traced,  any  one  may  satisfy 
himself  by  endeavoring,  from  a  general  conceptioiv  of  the  raooa's  real 
motions,  to  discover  the  rules  which  regulate  the  occurrences  of  eclipses; 
or  even  to  explain  to  a  learner,  of  what  nature  the  apparent  motions  of 
the  moon  among  the  stars  will  he. 

The  unquestionable  evidence  of  the  merit  and  value  of  the  Theory 
of  Epicycles  is  to  be  found  in  this  circumstance ; — that  it  served  to 
embody  all  the  most  exact  knowledge  then  extant,  to  direct  astron- 
omers to  the  proper  methods  of  making  it  more  exact  and  complete, 
to  point  out  new  objects  of  attention  and  research ;  and  that,  after 
doing  this  at  first,  it  was  also  able  to  take  in,  and  preserve,  all  the  now 
results  of  the  active  and  persevering  labors  of  a  long  series  of  Greek, 
Latin,  Arabian,  and  modem  European  astronomers,  till  a  new  theory 
arose  which  could  discharge  this  office.  It  may,  perhaps,  surprise  some 
readers  to  he  told,  that  the  author  of  this  next  great  step  in  astronomi- 
cal theory,  Copernicus,  adopted  the  theory  of  epicycles ;  that  is,  he 
employed  that  which  we  have  spoken  of  as  its  really  valuable  charac- 
teristic. "We"  must  confess,"  be  says,  "that  the  eel^tial  motions 
are  circular,  or  compounded  of  several  circles,  since  their  inequahties 
observe  a  fixed  law  and  recur  in  value  at  certain  intervals,  which 
could  not  be,  except  that  they  were  circular;  for  a  circle  alone  can 
make  that  which  has  been,  recur  again." 

In  this  sense,  therefore,  the  Hipparchiati  theory  was  a  real  and  in- 
destructible truth,  which  was  not  rejected,  and  replaced  by  different 
truths,  but  was  adopted  and  incorporated  into  every  succeeding  astro- 
nomical theory ;  and  which  can  never  cease  to  be  one  of  the  most  im- 
portant and  fundamental  parts  of  our  astronomical  knowledge. 

A  moment's  reflection  will  show  that,  in  the  events  just  spoken  of, 
the  introduction  and  establishment  of  the  Theory  of  Epicycles,  those 
characteristics  were  strictly  exemplified,  which  we  have  asserted  to  be 
the  conditions  of  every  real  advance  in  progressive  science ;  namely, 
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the  application  of  distinct  and  appropriate  Ideas  to  a  real  series  of 
Pacts.  The  distinctness  of  the  geometrical  conceptions  which  enabled 
Hipparchns  to  assign  the  Orbits  of  the  Sun  and  Moon,  requires  no 
illustration ;  and  we  have  just  explained  how  these  ideas  combined 
into  a  connected  whole  tlie  various  motions  and  places  of  those  lumi- 
naries. To  make  this  step  in  astronomy,  required  diligence  and  care, 
exerted  in  collecting  observations,  and  mathematical  clearness  acd 
BteadineBS  of  view,  exercised  in  seeing  and  showing  that  th<  tlieorj 
was  a  suocessful  analysis  of  there. 

Seel.  3. — Discovery  of  the  Precession  of  the  Equinoxes. 

The  same  qualities  which  wo  trace  in  the  researches  of  Hipparchns 
already  examined, — diligence  in  collecting  observations,  and  clearness 
of  idea  in  representing  them, — appear  also  in  other  discoveries  of  his, 
which  we  must  not  pass  unnoticed.  The  Precession  of  the  Equinoxes, 
in  particular,  is  one  of  the  most  important  of  those  discoveries. 

The  circumstance  here  brought  into  notice  was  a  Change  of  Longi- 
tude of  the  Fixed  Stars.  The  longitudes  of  the  heavenly  bodies,  being 
mesBured  from  the  point  where  the  sun's  annual  path  cuts  the  equator, 
will  change  if  that  path  changes.  'Whether  this  happens,  however, 
ia  not  very  easy  to  decide ;  for  the  sun's  path  among  the  stars  is  made 
out,  not  by  merely  looking  at  the  heavens,  but  hy  a  series  of  infer- 
ences from  other  observable  facts.  Hipparchns  used  for  this  purpose 
eclipses  of  the  moon ;  for  these,  being  exactly  opposite  to  the  sun, 
afford  data  in  marking  out  his  path.  By  comparing  the  eclipses  of 
his  own  time  with  those  observed  at  an  earlier  period  by  Timocharis, 
he  found  that  the  bright  star,  Spica  Vir^nis,  was  six  degrees  behind 
the  equinoctial  point  in  his  own  time,  and  had  been  eight  degrees  be- 
hind the  same  point  at  an  earlier  epoch.  The  suspicion  was  thus  sug- 
gested, that  the  longitudes  of  all  the  stars  increase  perpetually ;  but 
Hipparchns  had  too  truly  philosophi  cal  a  spirit  to  take  this  for  granted. 
He  examined  the  places  of  Ecgulus,  and  those  of  other  stars,  as  he  had 
done  those  of  Spica ;  and  he  found,  in  all  these  instances,  a  change  of 
place  which  could  be  explained  hy  a  certain  alteration  of  position  in 
the  circles  to  which  the  stars  are  refen'cd,  which  alteration  is  described 
as  the  PrecesMon  of  the  Equinoxes. 

The  distinctness  with  which  Hipparchns  conceived  this  change  of 
relation  of  the  heavens,  is  manifested  by  the  question  which,  as  we  are 
told  hy  Ptolemy,  he  examined  and  decided; — that  this  motion  of  the 
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heavens  takes  place  about  the  poles  of  the  ecliptic,  and  not  about  those 
of  the  equator.  The  care  with  which  he  collected  this  motion  from 
the  stars  themselves,  may  be  judged  of  from  this,  that  having  made 
hiB  first  observations  for  this  purpose  on  Spiea  and  Eegulus,  zodiacal 
stars,  his  first  suspicion  was  that  the  stars  of  the  zodiac  alone  changed 
their  longitude,  which  suspicion  he  disproved  by  the  examination  of 
other  stars.  By  hia  proca^es,  the  idea  of  the  nature  of  the  motion, 
and  the  evidence  of  its  existence,  the  two  conditions  of  a  discovery, 
were  fully  hrought  into  view.  The  scale  of  the  facts  which  Hipparctus 
was  thus  able  to  reduce  to  law,  may  be  in  some  measure  judged  of,  by 
recollecting  that  the  precession,  from  his  time  to  ours,  has  only  carried 
the  stars  through  one  sign  of  the  zodiac ;  and  that,  to  complete  one 
revolution  of  the  aiy  by  the  motion  thus  discovered,  would  require  a 
period  of  25,000  years.  Thus  this  discovery  connected  the  various 
aspects  of  the  heavens  at  the  most  remote  periods  of  human  history ; 
and,  accordingly,  the  novel  and  ingenious  views  which  Newton  pub- 
lished in  his  chronology,  are  founded  on  this  single  astronomical  fact, 
the  ■Precession  of  the  Equinoxes. 

The  two  discoveries  which  have  been  described,  the  mode  of  con- 
stmcting  Solar  and  Lunar  Tables,  and  the  Precession,  were  advances 
of  the  greatest  importance  in  astronomy,  not  only  in  themselves,  but 
in  the  new  objects  and  undertaiings  which  they  suggested  to  astron- 
omers. The  one  discovery  detected  a  constant  law  and  order  in  the 
midst  of  perpetual  change  and  apparent  disorder ;  the  other  disclosed 
mutation  and  movement  perpetually  operating  where  every  thing  had 
been  supposed  fixed  and  stationary.  Such  discoveries  were  well  adapt- 
ed to  call  up  many  questionings  in  the  minds  of  speculative  men ; 
for,  after  this,  nothing  could  be  supposed  constant  till  it  had  been  as- 
certained to  be  so  by  clo^e  examination  ;  and  no  apparent  complexity 
or  confusion  could  justify  the  philosopher  in  turning  away  in  despair 
irom  the  task  of  simplification.  To  answer  the  inquiries  thus  suggest- 
ed, new  methods  of  oteerving  tie  facts  were  requisite,  more  exact  and 
nnifomi  than  those  hitherto  employed.  Moreover,  the  discoveries 
which  were  made,  and  others  which  could  not  fail  to  follow  in  their 
train,  led  to  many  consequences,  required  to  be  reasoned  upon,  sys- 
tematized, completed,  enlarged.  In  short,  the  Spoch  of  Induction  led, 
as  we  have  stated  that  such  epochs  must  always  lead,  to  a  Period  of 
Development,  of  Verification,  Application,  and  1 
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CHAPTER  IV. 
Sequhl  to  the  IsDncTiYi;  Epoch  or  Hippahchus. 

Seci.  1. — Researches  which  verified  the  Theory. 

THE  discovery  of  tlie  leading  Laws  of  tlie  Solar  and  Lunar  Motions, 
and  the  detection  of  the  Precession,  may  be  considered  as  the 
great  positive  steps  in  the  Hipparcbian  astronomy; — the  parent  dis- 
coveries, from  which  many  minor  improvements  proceeded.  The  task 
of  pursuing  the  eollatflral  and  consequent  researches  which  now  of- 
fered themselves, — of  bringing  the  other  parts  of  astronomy  up  to  the 
level  of  its  most  improved  portions, — was  prosecuted  by  a  succession 
of  zealous  observers  and  calculators,  first,  in  the  school  of  Alexandria, 
and  afterwards  in  other  parts  of  the  world.  We  mnst  notice  the 
various  labors  of  this  series  of  astronomers;  but  we  shall  do  so  very 
briefly ;  for  the  ulterior  development  of  doctrines  once  established  is 
not  so  important  an  object  of  contemplation  for  our  present  purpose, 
as  the  first  conception  and  proof  of  those  fundamental  truths  on  which 
systematic  doctrines  are  founded.  Yet  Periods  of  Verification,  as  well 
as  Epochs  of  Induction,  deserve  to  be  attended  to ;  and  they  can 
nowhere  be  studied  with  so  much  advantage  as  in  the  history  of  as- 
tronomy. 

In  truth,  however,  Hipparchus  did  not  leave  to  his  successors  the 
tast  of  pursuing  into  detail  those  views  of  the  heavens  to  .which  his 
discoveries  led  him.  He  examined  with  scrupulous  care  almost  every 
part  of  the  subject.  We  must  briefly  mention  some  of  the  principal 
points  which  were  thus  settled  by  him. 

The  verification  of  .the  laws  of  the  changes  which  he  assigned  to 
the  skies,  implied  that  the  condition  of  the  heavens  was  constant,  ex- 
cept so  fiir  as  it  was  affected  by  those  changes.  Thus,  tie  doctrine 
that  the  changes  of  position  of  the  stars  were  rightly  represented  by 
tbe  precession  of  the  equinoxes,  supposed  that  the  stars  were  fixed 
with  regard  to  each  other ;  and  the  doctrine  that  the  unequal  number 
of  days,  in  certain  subdivisions  of  moaths  and  years,  was  adequately 
explained  by  the  theory  of  epicycles,  assumed  that  years  and  days 
were  always  of  constant  lengths.  But  Hipparchus  was  not  content 
with  assuming  these  bases  of  his  theory,  he  endeavored  to  prove  them. 
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1.  Fixity  of  the  Stars. — The  question  necessarily  arose  after  the  dis- 
covery of  tie  precession,  even  if  sucli  a  question  tad  never  suggested 
itself  before,  whether  the  stars  which  were  called  fiied,  and  to  which 
the  motions  of  the  other  luminaries  are  referred,  do  leally  retain  con 
stantly  the  same  relative  position.  In  order  to  determme  this  funda 
mental  question,  Hipparchus  undertook  to  conatiuct  a  Map  of  the 
heavens ;  for  thongh  the  result  of  his  survey  was  expressed  in  words, 
we  may  give  this  name  to  his  Catalogue  of  the  pc-itions  ot  thp  met 
conspicuous  stars.  These  positions  are  described  by  means  of  almea 
lions  ;  that  ia,  three  or  more  such  stars  ai'e  selected  as  can  bo  tunthed 
by  an  apparent  straight  line  drawn  in  the  heavens  Thus  Hippaithus 
observed  that  the  southern  claw  of  Cancer,  the  bright  star  in  the  same 
constellation  which  precedes  the  head  of  the  Hydra,  and  the  bright 
star  Procyon,  were  nearly  in  the  same  lino.  Ptolemy  quotes  this  and 
many  other  of  the  configurations  which  Hipparchus  had  noted,  in 
order  to  show  that  the  positions  of  the  stars  had  not  changed  in  the 
intermediate  time ;  a  truth  which  the  catalogue  of  Hipparchus  thus 
gave  astronomers  the  means  of  ascertaining.    It  contained  1080  stars. 

The  constrnction  of  this  catalogue  of  the  slai's  by  Hipparchus  is  an 
event  of  great  celebrity  in  the  history  of  astronomy.     Pliny,'  who 
speaks  of  it  with  admiration  as  a  wonderful  and  superhuman  task 
("ausus  rem  etiam  Deo  improbam,  annunierare  posteris  stellaa"),  as- 
serts the  undertaking  to  have  been  suggested  by  a  remarkable  astro- 
nomical event,  the  appearance  of  a  n  w   t  ai     tall        t   1 
in  fflvo  suo  genitam  deprehendit ;     j  isq            t      j      d     f  1  I 
dubitationem  est  adductus  anne  hoc    sep       fi     t  m           t    q       t 
ese  qaas  putamus  aiflxas."     There  is  n  th  ug  nl        tly  mp    babl 
this  tradition,  but  we  may  observe,  w  th  D  Ian  b       th  t                   t 
inforraed  whether  this  new  st^r  rem    n  d    n  th     ky                 di    ; 
peared  again.     Ptolemy  makes  nomtnftht           th     tj 
and  his  catalogue  contains  no  bright  tar  wh   h           t  f      d       th 
"  Catasterisms"  of  Eratosthenes.     Th       C  ta  t  n  m   w 
ation  of  475  of  the  principal  stars,           1    g  t    th           t  11  t 
which  they  are,  and  were  pubhshed    b     t       ty  >          b  f       H  ; 
pai'chus. 

2.  Constant  Length  of  3^ear.s.— Hipparchus  also  attempted  to  ascer- 
tain whether  successive  years  are  all  of  the  same  length  ;  and  though, 
with  his  Bci'upulous  love  of  accuracy,'  he  does  not  appear  to  have 
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thouglit  himself  justified  m  assertiDg  that  the  years  were  alivays  ex- 
actly equal,  lie  showed,  both  hy  observations  of  the  time  wheti  the  sun 
passed  fJie  equinoxes,  and  by  eclipses,  that  the  difference  of  succffisive 
years,  if  there  were  any  difference,  must  be  extremely  slight.  The 
observations  of  succeeding  astronomers,  and  especially  of  Ptolemy, 
confirmed  this  opinion,  and  proved,  with  certainty,  that  there  is  no 
progressive  increase  or  diminution  in  the  duration  of  the  year. 

3.  Constant  Length  of  Days.  Equation  of  Time. — The  equality  of 
days  was  more  difficult  to  Hsoertain  than  that  of  years ;  for  the  yeai- 
is  measured,  as  on  a  natural  scale,  by  the  number  of  days  which  it 
contains ;  but  the  day  can  be  subdivided  into  hours  only  by  artificial 
means  ;  and  the  mechanical  skill  of  the  ancients  did  not  enable  them 
to  attain  any  considerable  accuracy  in  the  measure  of  such  portions  of 
time  ;  though  clepsydras  and  similar  instruments  wei'e  used  by  astron- 
omers. The  equality  of  days  could  only  be  proved,  therefore,  by  the 
consequences  of  such  a  supposition;  and  in  this  manner  it  appears  to 
have  been  assumed,  as  (he  fact  really  is,  that  the  apparent  revolution 
of  the  stars  is  accurately  uaifoim,  never  becoming  either  quicker  or 
slower.  It  followed,  as  a  coasequenee  of  this,  that  the  solar  days  {or 
rather  the  nyethemers,  compounded  of  a  night  and  a  day)  would  be 
unequal,  in  consequence  of  the  sun's  unequal  motion,  thus  giving  rise 
to  what  we  now  call  the  Squation  of  Time, — the  interval  by  which 
tlte  time,  as  marked  on  a  dial,  is  before  or  after  the  time,  as  indicated 
by  the  accurate  timepieces  which  modern  skill  can  produce.  This 
inequality  was  fully  taken  account  of  by  the  ancient  astronomers ;  and 
they  thus  in  fact  assumed  the  equality  of  the  sidereal  days. 

Sect.  2. — Researches  which  did  not  verify  the  Theory. 

Some  of  the  researches  of  Hippavchus  and  his  followers  fell  upon 
the  weak  parts  of  his  theoiy ;  and  if  the  observafions  had  been  suffi- 
ciently exact,  must  have  led  to  its  being  corrected  or  rejected. 

Among  these  we  may  notice  the  researches  which  were  made  con- 
coming  the  Parallax  of  the  heavenly  bodies,  that  is,  their  apparent 
displacement  by  the  alteration  of  position  of  the  observer  from  one 
part  of  the  earth's  surface  to  the  other.  Tbis  subject  is  treated  of  at 
length  by  Ptolemy;  and  there  can  be  no  doubt  that  it  was  well  ex- 
amined by  Hippai'chus,  who  invented  &  parallactic  instruTnent  for  that 
purpose.  The  idea  of  parallax,  as  a  geometrical  possibility,  was  indeed 
too  obvious  to  be  overlooked  by  geometers  at  any  time  ;  and  when  the 
doctrine  of  the  sphere  was  established,  it  must  have  appeared  strange 
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to  the  student,  that  every  place  on  the  earth's  surface  might  alilie 
be  considered  as  the  centre  of  the  celestial  motions.  But  if  this  was 
true  with  respect  to  the  motions  of  the  fixed  stars,  was  it  also  true 
with  regard  to  those  of  the  sun  and  moon  f  The  displacement  of  the 
sun  hy  parallax  is  so  small,  that  the  best  observers  among  the  ancients 
could  nover  b«  sure  of  its  existence ;  but  with  respect  to  the  moon,  the 
case  18  different.  She  may  be  displaced  by  this  cause  to  the  amount 
of  twice  her  own  breadth,  a  quantity  easily  noticed  by  the  rudest  pro- 
cess of  instrumental  observation.  The  law  of  the  displacement  thus 
produced  is  easily  obtained  hy  theory,  the  globular  form  of  the  earth 
being  supposed  known ;  but  tie  amount  of  the  displacement  depends 
upon  the  distance  of  the  moon  from  the  earth,  and  requires  at  least  one 
good  observation  to  determine  it  Ptolemy  has  given  a  table  of  the 
effects  of  parallax,  caJculated  according  to  the  apparent  altitude  of  the 
moon,  assuming  certain  supposed  distances;  these  distances,  however, 
do  not  follow  the  real  law  of  the  moon's  distances,  in  consequence 
of  their  being  founded  upon  the  Hypothesis  of  the  Eccentric  and 
Epicycle. 

In'  fact  this  Hypothesis,  though  a  very  close  representation  of  the 
truth,  80  far  aa  the  positions  of  the  luminaries  are  concerned,  fails  alto- 
gether when  we  apply  it  to  their  distances.  The  radius  of  the  epicycle, 
or  the  eccentricity  of  the  eccentric,  are  determined  so  as  to  satisfy 
the  observations  of  the  apparent  motions  of  the  bodies ;  but,  inasmuch 
as  the  hypothetical  motions  are  different  altogether  ii-om  the  real 
motions,  the  Hypothesis  does  not,  at  the  same  time,  satisfy  the  obser- 
vations of  the  distances  of  the  bodies,  if  we  are  able  to  make  any  such 
observations. 

Parallax  is  one  method  by  which  the  distances  of  the  moon,  at 
different  times,  may  be  compared ;  her  Apparent  Diameters  afford 
another  method.  Neither  of  these  modes,  however,  is  easily  capable 
of  such  accuracy  as  to  overturn  at  once  the  Hypothesis  of  epicycles  ; 
and,  accordingly,  the  Hypothesis  continued  to  be  entertained  in  spite 
of  such  measures  ;  the  measures  being,  indeed,  in  some  degree  falsified 
in  consequence  of  the  reigning  opinion.  In  fact,  however,  the  imper- 
fection of  the  methods  of  measuring  parallax  and  magnitude,  which 
were  in  use  at  this  period,  was  such,  their  results  could  not  lead  to 
any  degree  of  conviction  deserving  to  be  set  in  opposition  to  a  theory 
which,  was  so  satisfactory  with  regard  to  the  more  certain  observations, 
namely,  those  of  the  motions. 

The  Eccentricity,  or  the  Radius  of  the  Epicycle,  which  would  satisfy 
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the  inequality  of  the  motions  of  the  moon,  would,  in  fact,  double  the 
mequahty  of  the  distances.  The  Eccentricity  of  the  moon's  orbit  is 
determined  by  Ptolemy  is  ^V  '^^  '^^  radius  of  the  orbit;  but  its  real 
amount  is  only  halt  •«  gieat ,  this  diffeience  is  a  necessary  conse 
quonco  of  the  supposition  ot  unitorm  circulai  motions,  on  which  the 
Epicyclic  Hypothesis  proceeds 

We  see,  therefoie,  that  this  pait  ot  the  Hippaichian  theoiv  oairies 
in  itself  the  germ  of  its  own  destruction  As  soon  aa  the  ait  of  celes 
tial  measurement  was  so  far  pertected,  that  astronomers  could  be  sure 
of  the  apparent  diameter  of  the  moon  within  -^  or  ^  of  the  whole, 
tlve  inconsistency  of  the  theory  with  itself  would  bewime  manifest. 
We  shall  see,  hereafter,  the  way  in  which  this  inconsistency  operated ; 
in  reality  a  very  long  period  elapsed  before  the  methods  of  obsetrying 
were  sufficiently  good  to  bring  it  clearly  into  view. 

Sect.  3. — Methods  of  Observation  of  the  Gretk  Astronomers. 

Wb  must  now  say  a  word  concerning  the  Methods  above  spoken  of. 
Since  one  of  the  most  important  tasks  of  verification  ia  to  ascertain 
with  accuracy  the  magnitude  of  the  quantities  which  enter,  as  ele- 
ments, into  the  theory  which  occupies  men  during  the  period ;  the 
improvement  of  instruments,  and  the  methods  of  observing  and  ex- 
perimenting, are  principal  features  in  such  periods.  We  shall,  there- 
fore, mention  some  of  the  facts  which  bear  upon  this  point. 

The  estimation  of  distances  among  the  stars  by  the  eye,  is  an  ex- 
tremely inexact  process.  In  some  of  the  ancient  observations,  how- 
ever, this  appears  to  have  beeo  the  method  employed  ;  and  stars  are 
described  as  being  a  cubit  or  two  cubits  from  other  stars.  We  may 
form  some  notion  of  the  scale  of  this  kind  of  measurement,  from  what 
Cleomedes  remarks,''  that  the  sun  appears  to  be  about  a  foot  broad ; 
fin  opinion  which  he  confutes  at  length. 

A  method  of  determining  the  positions  of  the  stars,  susceptible  of 
a  little  more  exactness  than  the  formoi-,  is  the  use  of  alineations,  al- 
ready noticed  in  speaking  of  Hippavchus's  catalogue.  Thus,  a  straight 
line  passing  through  two  stars  of  the  Great  Bear  passes  also  through 
the  pole-star;  this  is,  indeed,  even  now  a  method  usually  employed  to 
enable  ns  readily  to  fix  on  the  pole-star  ;  and  the  two  stars  /3  and  a  of 
Ursa  Major,  are  hence  often  called  "  the  pointers." 
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But  nothing  lite  accurate  measnrementa  of  any  portions  of  iJie  sky 
were  obtained,  till  astronomers  adopted  the  method  of  making  visual 
coincidences  of  the  objects  ivith  the  instruments,  either  by  means  of 
shadows  or  of  sights. 

Probably  the  oldest  and  most  obvious  measurements  of  the  positions 
of  the  heavenly  bodies  were  those  in  which  the  elevation  of  the  sun 
was  determined  by  comparing  the  length  of  the  shadow  of  an  upright 
staff  or  gnomon,  with  the  length  of  the  staff  itself.  It  appears,'  from 
a  memoir  of  Gaiitil,  first  priatod  ia  tho  Oonnaisaanee  des  Temps  for 
1809,  that,  at  the  lower  town  of  Loyang,  now  called  Hon-anfou,  Tchon- 
kong  found  the  length  of  the  shadow  of  the  gnomon,  at  the  summer 
solstice,  equal  to  one  foot  and  a  hal^  the  gnomon  itself  being  eight 
feet  iu  length.  This  was  about  IIOO  b.o.  The  Greeks,  at  an  early 
period,  used  the  same  method.  Strabo  says°  that  "Byzantium  and 
Marseilles  are  on  tho  same  parallel  of  latitude,  because  the  shadows 
at  those  places  have  the  same  proportion  to  the  gnomon,  according  to 
the  statement  of  Hipparchus,  who  follows  P3^eas." 

But  the  relations  of  position  which  astronomy  considers,  are,  for  the 
most  part,  angular  distances;  and  these  are  most  simply  expressed  by 
the  intercepted  portion  of  a  circumference  described  about  tho  angular 
point.  The  use  of  the  gnomon  might  lead  to  the  determination  of  the 
angle  by  the  graphical  methods  of  geometry ;  but  the  numerical  ex- 
pression of  the  circumference  required  some  progress  in  trigonometry ; 
for  instance,  a  table  of  the  tangents  of  aagles. 

Instruments  were  soon  invented  for  measuring  angles,  by  means  of 
circles,  which  had  a  border  or  limb,  divided  into  equal  parts.  The 
whole  drcumference  was  divided  into  360  c 
the  circles,  first  so  divided,  were  those  which  i 
annual  path ;  one  such  degree  would  he  the  siin's  daily  advance,  more 
nearly  than  any  other  convenient  aliquot  part  which  could  be  taken.  The 
position  of  the  sun  was  determined  by  means  of  the  shadow  of  one  part 
of  the  instrument  upon  the  other.  The  most  ancient  instrument  of 
this  kind  appears  to  be  the  Hemisphere  of  Berosus,  A  hollow  hemi- 
sphere was  placed  with  its  rim  horizontal,  and  a  style  was  erected  in 
such  a  manner  that  the  extremity  of  the  style  was  exactly  at  the  centre 
of  the  sphere.  The  shadow  of  this  extremity,  on  the  concave  surface, 
had  the  same  position  with  regard  to  the  lowest  point  of  the  sphere 
which  the  sun  had  with  regard  to  the  highest  point  of  the  heavens, 

■  Lib.  U.  K.  I/isl.  Asi.  p.  5.  '  Del.  A.  A.  i.  BoT. 
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But  this  instrument  was  in  fact  used  rather  for  dividing  the  day  into 
jHjitions  of  time  than  for  determining  position. 

Eratosthenes'  observed  the  amount  of  the  obliquity  of  the  snn'a 
path  to  the  equator :  we  are  not  informed  what  instrnments  he  used 
for  this  purpose ;  but  ho  is  said  to  have  obtained,  from  the  munificence 
of  Ptolemy  Euergetea,  two  Armils,  or  instruments  composed  of  circles, 
which  were  placed  in  the  portico  at  Alexandria,  and  long  used  for  ob- 
servations. If  a  circular  rim  or  hoop  were  placed  so  as  to  coincide 
with  the  plane  of  the  equator,  the  inner  concave  edge  would  be  en- 
lightened by  the  sun's  rays  which  came  under  the  front  edge,  when 
the  sun  was  south  of  the  equator,  and  by  the  rays  which  came  over 
the  f  nt  dg  wh  n  the  sun  was  north  of  the  equator  ;  the  moment 
of  th  t  ti  n  w  Id  be  the  time  of  the  equinox.  Such  an  instru- 
ment p[  t  be  ferred  to  by  Ilipparchiis,  as  quoted  by  Ptolemy,' 
"Th  1  t  IP  r,  which  stands  at  .Alexandria  in  what  is  called 
the  jua  P  h  ppears  to  mark,  as  the  day  of  the  equinox,  that  on 
which  tt  n  a  irface  begins  to  be  enlightened  from  the  other 
side."     Such  an  instrument  was  called  an  equinoctial  armil. 

A  solstitial  armil  is  described  by  Ptolemy,  consisting  of  two  cir- 
cular rims,  one  sliding  round  within  the  other,  and  the  inner  one  fur- 
nished with  two  pegs  standing  out  from  its  surface  at  tight  angles,  and 
liiametrically  opposite  to  each  other.  These  circles  being  fixed  in  the 
plane  of  the  meridian,  and  the  inner  one  turned,  till,  at  noon,  the 
shadow  of  the  peg  in  front  fells  upon  the  peg  behind,  the  position  of 
the  sun  at  noon  would  be  determined  by  the  degrees  on  the  outer 
circle. 

In  calculation,  the  degree  was  conceived  to  be  divided  into  60 
minutes,  the  minute  into  60  seconds,  and  so  on.  But  in  practice  it 
was  impossible  to  divide  the  limb  of  the  instrument  into  parts  so  small. 
The  araiils  of  Alexandria  were  divided  into  no  parts  smaller  than 
siiths  of  degrees,  or  divisions  of  10  minutes. 

The  angles,  observed  by  means  of  these  divisions,  were  expressed  as 
a  fraction  of  the  circumference.  Thhs  Eratosthenes  stated  the  interval 
between  the  tropics  to  be  ^  of  the  circumference.^ 

It  was  soon  remarked  that  the  whole  circumference  of  the  circle 
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was  uot  wanted  for  suck  obsenationi  Itolemy'"  says  that  lie  found 
it  more  convenient  to  obsene  altitudes  by  means  of  a  square  flat  piece 
of  stone  or  wood,  with  a  quadtant  of  a  ciiUe  described  on  one  of  its 
flat  faces,  about  a  centre  neai  one  of  the  angles.  A  peg  was  placed  at 
the  centre,  and  one  of  the  extieme  r*iii  of  the  quadrant  being  perpen- 
dicular to  the  horizon,  the  elevation  of  the  sun  above  the  horizon  was 
determined  by  observing  the  point  of  the  arc  of  the  quadrant  on  which 
tbe  shadow  of  the  peg  fell. 

As  the  necessity  of  accuracy  in  the  observations  was  more  and  more 
felt,  various  adjustments  of  such  instruments  were  practised.  The 
instruments  were  placed  in  the  meridian  by  means  of  a  meridian  line 
drawn  by  astronomical  methods  on  the  floor  on  which  they  stood. 
The  plane  of  the  instrument  was  made  vertical  by  means  of  a  plumb- 
line  :  the  bounding  radius,  from  which  angles  were  measured,  was  also 
adjusted  by  the  plumb  hne  " 

In  this  minnei,  the  places  ot  the  sun  «md  of  the  moon  could  be 
observed  by  meani  of  the  shtdows  which  they  cast  In  older  to 
observe  the  stars  "  the  obsener  looked  along  the  f  iie  of  the  circle  ot 
the  armil,  so  is  to  see  it*  two  edge^  -ippaiently  brought  together,  ind 
the  star  apparently  touching  them  " 

It  was  atter«ards  found  impoitant  to  asceitain  the  position  of  the 
sun  with  regaid  to  the  ecliptic  and  foi  thi?  pnipo'^e,  an  instrument, 
called  an  ooijo/oSe,  was  invented,  of  which  we  ha\e  a  iescnption  m 
Ptolemy"  This  also  consisted  ot  circuhriims  movable  within  one 
another,  or  ibout  poles,  and  contained  cucles  which  were  to  be 
brought  into  the  position  ot  the  ecliptic,  ind  of  <t  plane  pissing  thiough 
the  sun  and  the  poles  of  the  ecliptic.  The  position  of  the  moon  with 
regard  to  the  ecliptic,  and  its  position  in  longitude  with  regard  to  the 
sun  or  a  star,  were  thus  determined. 

The  astrolabe  continued  long  in  use,  but  not  so  long  as  the  quadrant 
described  by  Ptolemy ;  this,  in  a  larger  form,  is  the  mural  quadrant, 
which  has  been  used  up  to  the  most  recent  times. 

It  may  be  considered  surprising,"  that  Hipparchus,  after  having 


'»  Synt.  i.  1. 

'•  The  curvature  of  the  plane  of  the  eirole,  by  warpiug,  wna  notioeiJ.    rtol.  iii.  S. 

155,  observes  that  his  equatorial  circle  was  illaminated  on  the  hollow  side  twice 

the  same  day.     (Ho  did  not  know  tliat  this  might  arise  from  reftautioii.) 

"  Delamb.  A.  A.  i.  185.  , 

"PtOl.     Sir^.i.l.     'Boirv  KKoW^/iim   ili^oripaii  atiTliv  rait  hi^ai^Uals  i  itniii,  Iv 

"  (Syni.  V.  1.  "  Del.  A.  A.  181. 
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observed,  for  some  time,  right  ascensions  and  declinations,  quitted 
equatorial  armils  for  the  astrolabe,  which  immediately  refers  the  stars 
to  the  ecliptic  He  pr  bahly  d'd  tf  because,  after  the  discovery  of 
precession,  he  found  the  lat  ndes  ot  th  stars  constant,  and  wanted  to 
ascertain  their  motion  n  long  t  de 

To  the  above  instn  ent.  nay  be  added  the  dioplra,  and  the 
parallactic  instrument  f  Hipi  ar  h  and  Ptolemy.  In  .the  latter,  the 
distance  of  a  star  ii'om  the  zen  tl  w-js  observed  by  looking  through 
two  sights  fixed  in  a  rule,  this  being  annexed  to  another  rale,  which 
was  kept  in  a  vertical  position,  by  a  plumb-line ;  and  the  angle  between 
the  two  rules  was  measured. 

The  following  example  of  an  observation,  taken  from  Ptolemy,  may 
serve  to  show  the  form  in  which  the  results  of  the  instruments,  just 
described,  were  usually  stated.'* 

"  In  the  2d  year  of  Antoninus,  the  9th  day  of  Pharmoiithi,  the  sun 
being  near  setting,  the  last  division  of  Taurus  being  on  the  meridian 
(that  is,  5^  equinoctial  hours  after  noon),  the  moon  was  in  3  degrees 
of  Pisces,  by  her  distance  from  the  sun  (which  was  92  degrees,  8 
minutes) ;  and  half  an  hour  after,  the  sun  being  set,  and  the  quarter 
of  Gemini  on  the  meridian,  Eegulus  appeared,  by  the  other  circle  of 
the  astrolabe,  St^  degrees  more  forwards  than  the  moon,  in  longitude." 
From  those  data  the  longitude  of  Regulus  is  calculated. 

From  what  has  been  said  respecting  the  observations  of  the  Alex- 
andrian astronomers,  it  will  have  been  seen  that  their  instrumenta] 
observations  could  not  be  depended  on  for  any  close  accuracy.  This 
defect,  after  the  general  reception  of  the  Hipparchian  theory,  operated 
very  unfavorably  on  tie  progress  of  the  science.  K  they  could  have 
traoed  the  moon's  place  distinctly  from  day  to  day,  they  must  soon 
have  discovered  all  the  inequalities  which  were  known  to  Tycho  Brahe ; 
and  if  they  could  have  measured  her  parallax  or  her  diameter  with  any 
(wnsiderable  accuracy,  they  must  have  obtained  a  confutation  of  the 
epicycloidal  form  of  her  orbit.  By  the  badness  of  their  observations, 
and  the  imperfect  agreement  of  these  with  calculation,  they  not  only 
were  prevented  making  such  steps,  but  were  led  to  receive  the  theory 
with  a  servile  assent  and  an  indistinct  apprehension,  instead  of  ^at 
I'atioual  conviction  and  intuitive  clearness  which  would  have  given  a 
progressive  impulse  to  their  knowledge. 
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Sect.  4. — Feriod  from  Hipparckua  to  Ptolemy. 

We  have  now  to  speak  of  the  cultivators  of  astronomy  from  the 
time  of  Hipparchua  to  that  of  Ptolemy,  the  next  great  iiaiiis  which 
occurs  in  the  history  of  this  science ;  thoiigh  even  he  holds  place 
only  among  those  who  vorified,  developed,  and  extended  the  theory 
of  Hipparchus.  The  astronomers  who  lived  in  the  intermediate  time, 
indeed,  did  little,  even  in  this  way  ;  though  it  might  have  been  sup- 
posed that  theii  studies  were  carried  on  under  considerable  advan- 
tages, inasmuch  as  they  all  enjoyed  the  liberal  patronage  of  the  kings 
of  Egypt."  The  "divine  school  of  Alexandria,"  as  it  is  called  by 
Synesius,  iu  the  fourth  century,  appears  to  have  produced  few  persons 
capable  of  carrying  forwards,  or  even  of  verifying,  the  labors  of  its 
great  astronomical  teacher.  The  mathematicians  of  the  school  wrote 
much,  and  apparently  they  observed  sometimes ;  but  their  observations 
are  of  httle  value ;  and  their  books  are  expositions  of  the  theory  and 
ite  geometrical  consequences,  without  any  attempt  to  compare  it  with 
observation.  For  instance,  it  does  not  appear  that  any  one  verified 
the  remarkable  discovery  of  the  precession,  till  the  time  of  Ptolemy, 
250  years  atler ;  nor  does  the  statement  of  tHs  motion  of  the  heavens 
appear  in  the  treatises  of  the  intermediate  writers ;  nor  does  Ptolemy 
quote  a  single  observation  of  any  person  made  in  this  long  interval  of 
time ;  while  his  reference'!  to  those  of  Hipparchus  are  perpetual ;  and 
to  those  of  Anstyllus  "md  Timocharis,  and  of  others,  as  Conon,  who 
preceded  Hipparchus,  ate  not  unfrequent. 

This  Alexandiian  period,  so  inactive  and  barren  in  the  history  of 
science,  was  prosperous,  civilized,  and  literary ;  and  many  of  the  works 
which  belong  t6  it  ai'e  come  down  to  us,  though  those  of  Hipparchus 
are  lost.  We  have  the  "  Uranologion"  of  Geminna,"  a  systematic 
treatise  on  Astronomy,  expounding  correctly  the  Hipparchian  Theories 
and  their  consequences,  and  containing  a  good  account  of  the  use  of 
the  various  Cycles,  which  ended  in  the  adoption  of  the  Calippic 
Period.  We  have  likewise  "The  Circular  Theory  of  the  Celestial 
Bodies"  of  Cleomedea,'^  of  which  the  principal  part  is  a  development 
of  the  doctrine  of  the  sphere,  including  the  consequences  of  the  glob- 
ular form  of  the  earth.  We  have  also  another  work  on  "  Spherics" 
by  Theodosius  of  Bithynia,'"  which  contains  some  of  the  most  import- 
ant propositions  of  the  subject,  and  has  been  used  as  a  book  of  in- 

"  Delamb.  A.  A.  ii,  240.  "  E.  o.  70.  "  e,  c.  60.  ™  b,c.  50. 
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struetion  even  in  modem  times.  Another  writer  on  the  same  subject 
ia  Menelaus,  who  lived  somewhat  later,  and  whose  Three  Books  on 
Spherics  atill  remain. 

One  of  the  most  important  kinds  of  deduction  from  a  geometrical 
theory,  such  as  that  of  the  doctrine  of  the  sphere,  or  th&t  of  epicycles, 
is  the  calculation  of  its  numerical  results  in  partiouiar  cases.  With 
regard  to  the  latter  theory,  tKis  was  done  in  the  constmction  of  Solar 
and  Lunar  Tables,  as  we  have  already  seen;  and  this  process  reqniret.! 
the  formation  of  a  Trigonometry,  or  system  of  rules  for  calculating  the 
relations  between  the  sides  and  angles  of  triangles.  Such  a  science 
had  been  formed  by  Hlpparchus,  who  appears  to  be  the  author  of 
every  great  step  in  ancient  astronomy.*'  He  wrote  a  work  in  twelve 
books,  "  On  the  Construction  of  the  Tables  of  Chords  of  Arcs ;"  such  a 
table  being  the  means  by  which  the  Greeks  solved  their  triangles. 
The  Doctrine  of  the  Sphere  required,  in  like  manner,  a  Spherical 
TrigonotMlry,  in  order  to  enable  mathematicians  to  calculate  its  I'e- 
sults ;  and  this  branch  of  science  also  appears  to  have  been  formed  by 
Hipparchus,"  who  gives  results  that  imply  the  possession  of  such  a 
method.  Eypsides,  who  was  a  contemporary  of  Ptolemy,  also  made 
some  attempts  at  the  solution  of  such  problems :  but  it  is  extraor- 
dinary that  tie  w  iters  whom  we  have  mentioned  ^  coming  after 
Hipp  h  s,  nam  ly  Theodosius,  Cleomedes,  and  Menelaus,  do  not 
even  n  nt  n  tl  alculation  of  triangles,"  either  plain  or  spherical ; 
though  th  1  tt  writer'^  is  said  to  have  written  on  "the  Table  of 
Cho  d      a  w    k  wh  ch  is  now  lost. 

W  shall  1  after,  how  prevalent  a  disposition  in  literaiy  ages 
is  that  which  induces  authors  to  become  commentators.  This  tendency 
showed  itself  at  an  early  period  in  the  school  of  Alexandria.  Aratus," 
who  lived  2T0  b.  o.  at  the  court  of  Antigonus,  ting  of  Maeedonia,  de- 
scribed the  celestial  constellations  in  two  poems,  entitled  "  Phenome- 
na," and  "Prognostics."  These  poems  were  little  more  than  a  versifi- 
cation of  the  treatise  of  Eudosus  on  the  acronycal  and  heliacal  risings 
and  settings  of  the  stars.  The  work  was  the  subject  of  a  comment  by 
Hipparchus,  who  perhaps  found  this  the  easiest  way  of  ^ving  connec- 
tion and  circulation  to  his  knowledge.  Three  Latin  translations  of  this 
poem  gave  the  Romans  the  means  of  becoming  acquainted  with  it : 
the  fii-st  is  by  Cicero,  of  which  we  have  numerous  fragments  ox- 
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tant;'^  Germanioua  desm;  one  of  the  sons-in-law  of  Au^  i  ti  alsc 
translated  the  poem,  and  this  translation  remains  almost  entire  Pmilly 
we  have  a  complete  translation  by  Avionus.^'  The  "  Astronom  ca  of 
Manilius,  the  "  Poeticon  Astronomicon"  of  Hyginus,  both  helongmg 
to  the  time  of  Augustus,  are,  like  the  ivork  of  Aratus  poems  ■nhi<Ji 
combine  mythological  ornament  with  elementary  astronoinical  e\po 
sition;  but  have  no  value  in  the  history  of  science.  "Ue  miy  pa'is 
nearly  the  same  judgment  vipon  the  explanations  and  declamations  ot 
Cicero,  Seneca,  and  Pliny,  for  they  do  not  apprise  us  of  any  additions 
to  astronomical  knowledge ;  and  they  do  not  always  indicate  a  very 
clear  apprehension  of  the  doctrines  which  the  writers  adopt. 

Perhaps  the  most  remarkable  feature  in  the  two  last-named  writers, 
is  the  declamatory  expression  of  their  admiration  for  the  discoverers  of 
physical  knowledge;  and  in  one  of  them,  Seneca,  the  persuasion  of  a 
boundless  progi'ess  in  science  to  which  man  was  destined.  Though 
this  belief  was  no  more  than  a  vague  and  arbitrary  conjecture,  it  sug- 
gested other  conjectures  in  detail,  some  of  which,  having  been  verified, 
have  attracted  much  notice.  For  instance,  in  speaking  of  comets,^' 
Seneca  says,  "  The  time  will  come  when  those  things  which  are  now 
hidden  shall  be  brought  to  light  by  time  and  persevering  diligence. 
Oar  posterity  will  wonder  that  we  should  be  ignorant  of  what  is  so  ob- 
\  lous  "  '  The  motions  of  the  planets,"  he  adds,  "  complex  and  seem- 
ingly contuse  1,  have  been  reduced  to  rule  ;  and  some  one  will  come 
hereafter,  who  wdl  reveal  to  us  the  paths  of  comets."  Such  convic- 
tions and  conjectures  are  not  to  be  admired  for  their  wisdom;  for 
Senect  was  led  rather  by  enthusiasm,  than  by  any  solid  reasons,  to  en- 
tertain this  opinion ;  nor,  again,  are  they  to  he  considered  as  merely 
lucky  guesses,  implying  no  merit ;  they  are  remarkable  as  showing 
how  the  persuasion  of  the  universality  of  law,  and  the  belief  of  the 
probability  of  its  discovery  by  man,  gi-ow  up  in  men's  minds,  when 
specniative  knowledge  becomes  a  prominent  object  of  attention. 

An  important  practical  application  of  astronomica!  knowledge  was 
made  by  Julius  Cfesar,  in  his  correction  of  the  calendar,  which  we 
have  already  noticed ;  and  this  was  strictly  due  to  the  Alexandrian 
School:  Sosigenes,  an  astronomer  belonging  to  that  school,  came 
ft-oin  Egypt  to  Home  for  the  purpose. 

It  ages,  one 
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Sect.  5. — Measures  of  the  £artk. 

There  were,  as  we  have  said,  few  attempts  made,  at  the  period  of 
which  we  are  apeating,  to  improve  the  accuracy  of  any  of  the  deter- 
minations of  the  early  Alexandrian  astronomers.  One  question  nat- 
urally excited  much  attention  at  all  times,  the  magnitude  of  the  eartli, 
its  figure  heing  universally  aotnowledged  to  be  a  globe.  The  Chal- 
deans, at  an  eai'lier  period,  had  asserted  that  a  man,  walking  withoui 
stopping,  might  go  round  the  circuit  of  the  earth  in  a  year  ;  but  this 
might  he  a  mere  fancy,  or  a  mere  guess.  The  attempt  of  Satosthenes 
to  decide  tliis  question  went  upon  principles  entirely  correct  Syene 
was  situated  on  the  tropic;  for  there,  on  the  day  of  the  solstice,  at 
noon,  objects  cast  no  shadow ;  and  a  well  was  enlightened  to  the  hot- 
toro  hy  the  sun's  rays.  At  Alexandria,  on  the  same  day,  tLe  sun  was, 
at  noon,  distant  from  the  zenith  by  a  fiftieth  part  of  the  circumference. 
These  two  cities  were  north  and  south  from  each  other  :  and  the  dis- 
taiicii  had  been  determined,  hy  the  royal  overseers  of  the  roads,  to  be 
5000  stadia.  This  gave  a  circumference  of  350,000  stadia  to  the  earth, 
and  a  radius  of  about  40,000.  Aristotle'"  says  that  the  mathematicians 
mate  the  circumference  400^000  stadia,  Hipparchus  conceived  that 
the  measure  of  Eratosthenes  ought  to  be  increased  by  about  one-tenth.*' 
Posidonius,  the  friend  of  Cicero,  made  another  attempt  of  the  same 
kind;  At  Rhodes,  tie  star  Canopus  but  just  appeared  above  the  hori- 
zon; at  Alexandria,  the  same  star  rose  to  an  altitude  of  ■j'jih  h 
circumference ;  tiie  direct  distance  on  the  meridian  was  60  0 
which  gave  240,000  for  the  whole  circuit.  We  cannot  L  p 
these  measures  as  very  precise  ;  the  stadium  employed  is  n  any 

known  ;  and  no  peculiar  care  appears  to  have  been  bestow       n 
measure  of  the  direct  distance. 

When  the  Arabians,  in  the  ninth  century,  came  to  be  the  p  n     a 
cultivators  of  astronomy,  they  repeated  this  observation  in  a  m  n 
more  suited  to  its  real  importance  and  capacity  of  exactn  Tin 

the  Caliph  Almamon,^'  the  vast  plain  of  Siugiar,  in  Mesopotamia,  was 
the  scene  of  this  undertaking.  The  Ai'abian  astronomers  there  divided 
themselves  into  two  bands,  one  under  the  direction  of  Chalid  ben  Ah- 
dolmalic,  and  the  other  having  at  its  head  Alis  hen  Isa.  These  two 
parties  proceeded,  the  one  north,  the  other  south,  determining  the  dis- 
tance by  the  actual  application  of  tlieir  measuring-rods  to  the  ground, 

'"  De  Oelo,  ii.  ad  flu.  »  Plin.  ii,  (ovili.)  "  Montu.  BS7. 
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till  eaeli  was  found,  by  astronomical  observation,  to  be  a  degree  from 
the  place  at  which  they  started.  It  then  appeared  that  these  terres- 
trial degrees  were  respectively  56  miles,  and  56  miles  and  two-thirds, 
the  mile  being  4000  cubits.  In  order  to  remove  all  doubt  concerning 
the  scale  of  this  measure,  wo  are  informed  that  the  cubit  is  that  called 
the  black  cubit^  which  consists  of  27  inches,  each  inch  being  the  thick- 
ness of  sis  grains  of  barley. 

Sect.  6. — Ptolemy's  Discovery  of  Eveetion. 

Bt  referring,  in  this  place,  to  the  last-mentioned  measure  of  the 
earth,  we  include  the  labors  of  the  At  b  an  a.  w  11  th  Al  x  d 
asti'onomers,  in  the  period  of  mere  Itdwlihtrmth  qlto 
the  great  aatronomical  revolution  of  th  Hipp  1  n.  \  h  A  d  th 
period  of  verification  is  rightly  ext  1  I  t  th  It  t  m  n  t 
merely  because  ^tronomers  were  th  1 11  pi  y  d  1  t  n  ni  g 
the  magnitude  of  the  earth,  and  the  m  t  f  th  I  m  ut  f  th 
theory,— for  these  are  some  of  their  employments  to  the  present  day, — 
but  because  no  great  intervening  discovery  marks  a  new  epoch,  and 
begins  a  new  period ; — because  no  great  revolution  in  the  theoiy  added 
to  the  objects  of  investigation,  or  presented  them  in  a  new  point  of 
view.  This  being  the  case,  it  will  be  more  instructive  for  our  purpose 
to  consider  the  general  character  and  broad  intellectual  features  of  this 
period,  than  to  offer  a  useless  catalogue  of  obscure  and  worthless  wri- 
ters, and  of  opinions  either  borrowed  or  unsound.  But  before  we  do 
this,  there  is  one  wiiter  whom  we  cannot  leave  undistinguished  in  the 
crowd;  since  his  name  is  more  celebrated  even  than  that  of  Hip- 
parchus;  his  works  contain  ninety-nine  hundredths  of  what  we  know 
of  the  Greek  astronomy ;  and  though  he  was  not  the  author  of  a  new 
theory,  he  made  some  very  remarkable  steps  in  the  verification,  cor- 
rection, and  extension  of  the  theory  which  he  received.  I  speak  of 
Ptolemy,  whose  work,  "  The  Mathematical  Construction"  (of  the  heav- 
ens), contains  a  complete  exposition  of  the  state  of  astronomy  in  his 
time,  the  reigns  of  Adrian  and  Antonine.  This  book  is  fanoiliarly 
known  to  us  by  a  term  which  contains  the  record  of  our  having  re- 
ceived our  first  knowledge  of  it  from  the  ^^rabie  writers.  The  "Megiste 
Syntasis,"  or  Great  Construction,  gave  rise,  among  them,  to  the  title 
Al  Magisti,  or  Almagest,  by  which  tlie  work  is  commonly  described. 
As  a  mathematical  exposition  of  the  Theory  of  Epicycles  and  Eccen- 
trics, of  the  observations  and  calculations  which  were  employed  in 
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order  to  apply  this  theory  to  the  sun,  moon,  and  planets,  and  of  the 
other  calculations  which  are  requisite,  ia  order  to  deduce  the  conse- 
quenceB  of  this  theory,  the  work  is  a  splendid  and  Jasting  monument 
of  diligence,  skilt,  and  judgment.  Indeed,  all  the  other  ^tronomica] 
worts  of  the  ancients  hardly  add  any  thing  whatever  to  the  informa- 
tion we  obtain  froin  the  Almagest ;  and  the  knowledge  which  the 
student  possesses  of  the  ancient  astronomy  must  depend  mainly  upon 
his  acquaintance  with  Ptolemy,  Among  other  merits,  Ptolemy  has 
that  of  giving  us  a  very  copions  account  of  the  manner  in  which  Hip- 
parchus  established  the  main  points  of  his  theories  ;  an  account  the 
more  agreeable,  in  consequence  of  the  admiration  and  enthusiasm  with 
which  this  author  everywhere  speaks  of  the  gi'cat  master  of  the  astro- 
nomical school. 

In  our  present  survey  of  the  writings  of  Ptolemy,  we  are  concerned 
less  with  his  exposition  of  what  had  been  done  before  him,  than  with 
his  own  ori^nal  labors.  In  most  of  the  branches  of  the  subject,  he 
gave  additional  exactness  to  what  Hipparchus  had  done ;  but  our 
m^n  business,  at  present,  is  with  those  parts  of  the  Almagest  which 
contain  new  steps  in  the  application  of  the  Hipparchian  hypotliesis. 
There  are  two  such  cases,  both  very  remarkable, — that  of  the  moon's 
Evectioa,  and  that  of  the  Planetary  Motions. 

The  law  of  the  moon's  anomaly,  that  is,  of  the  leading  and  obvious 
inequality  of  her  motion,  could  be  represented,  as  we  have  seen,  either 
by  an  eccentric  or  an  epicycle ;  ;md  the  amount  of  this  inequality  had 
been  collected  by  observations  of  eclipses.  But  though  the  hypothesis 
of  an  epicycle,  for  instance,  would  bring  the  moon  to  her  proper  place, 
80  far  as  eclipses  could  show  it,  that  is,  at  new  and  full  moon,  this 
hypotheas  did  not  rightly  represent  her  motions  at  other  points  of  her 
course.  This  appeared,  when  Ptolemy  set  about  measuring  her  dis- 
tances from  the  sun  at  different  times.  "These,"  he"  says,  "some- 
times agreed,  and  sometimes  disagreed."  But  by  further  attention  to 
the  fects,  a  rule  was  detected  in  these  differences,  "  As  uiy  knowledge 
became  more  complete  and  more  connected,  so  as  to  show  the  order  of 
this  new  inequality,  I  perceived  that  this  difference  was  small,  or  noth- 
ing, at  new  and  full  moon;  and  that  at  both  the  dkhotomien  (when 
the  moon  is  half  illuminated)  it  was  small,  or  nothing,  if  the  moon  was 
at  the  apogee  or  perigee  of  the  epicycle,  and  was  greatest  when  she 
was  in  the  middle  of  the  interval,  and  therefore  when  the  first  inequal- 
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ity  ivas  greatest  also."  He  then  adds  some  further  remarks  on  the 
circTim stances  according  to  whiclt  the  moon's  place,  as  affected  by  this 
new  inequality,  is  before  or  behind  the  place,  as  gi^en  by  the  epicy- 
clioal  hypothesis. 

Such  is  the  announcement  of  the  celebrated  discovery  of  the  moon's 
second  inequality,  afterwards  called  (by  Bullialdus)  the  Evection. 
Ptolemy  soon  proceeded  to  represent  this  inequality  by  a  combination 
of  circular  motions,  uniting,  for  this  purpose,  the  hypothesis  of  an  epi- 
cycle, already  employed  to  explain  the  first  inequality,  with  the  hy- 
pothesis of  an  eccentric,  in  tlie  circumference  of  which  the  centre  of  the 
epicycle  was  supposed  to  move.  The  mode  of  combining  these  was 
somewhat  complex ;  more  complex  we  may,  perhaps,  say,  than  was 
absolutely  reqnisite ;"  the  apogee  of  the  eccenti'ic  moved  backwards, 
or  contrary  to  the  order  of  the  signs,  and  the  centre  of  the  epicycle 
moved  forwards  nearly  twice  as  fast  upon  the  circumference  of  the 
eecentiio,  so  as  to  reach  a  place  nearly,  but  not-exaeHy,  the  same,  as 
if  it  had  moved  in  a  concentiic  instead  of  an  eccenti'ie  path.  Thus 
the  centre  of  the  epicycle  went  twice  round  the  eccenti'ic  in  the  coui^ 
of  one  month :  and  in  this  manner  it  satisfied  the  condition  that  it 
should  vanish  at  new  and  full  moon,  and  bo  gi-eatest  when  the  moon 
was  in  the  quarters  of  her  monthly  course." 

The  discovery  of  the  Eveetion,  and  the  reduction  of  it  to  the  epi- 

"  If  Ptolemj  had  used  the  hypothesis  of  an  eooentric  instead  of  sii  epiojcla  for 
the  first  inaqnalitj  of  the  moon,  an  Bpioyole  would  have  represented  the  aeoond  in- 
equality more  simply  than  his  method  did. 

"  I  will  insert  here  the  erphination  which  my  German  transktor,  tha  late  disljn- 
guished  astronomer  Littrow,  hna  given  of  this  point.  The  Rule  of  this  laeqnnlity, 
the  Eveetion,  may  ba  most  simply  eipresaed  thus.  If  a  denote  the  exeesB  of  the 
Moon's  Longitndo  over  the  Sun's,  and  b  the  Anomaly  of  the  Moon  reckoned  from 
her  Perigee,  the  Eveetion  is  eqnalto  V.  S.ain  (Ba— 1).  At  Hew  and  Pall  Moon,  a 
is  0  or  ISO°,  and  thna  the  Eveetion  ia— 1°.  8 .  Bin  i.  At  both  quarters,  or  diehot- 
omies,  a  is  SO"  or  270o,  and  consoqnently  the  Eveetion  is  +  1°.  3 .  sin  b.  The 
Moon's  EllipWoal  Equation  of  the  oentra  is  at  all  points  of  her  orbit  equal  to  8°,  3  . 
sin  i.  The  Greek  Astronomers  before  Ptolemy  observed  tho  moon  only  at  the 
time  of  eclipses;  and  henoo  they  neoeesorily  fonnd  for  the  sum  of  these  two  great- 
est iueqnalides  of  the  moon's  motion  the  quimtlty  6o.B  .  sin  i— 1°,  8  .  ^a  J,  or  oo. 
sill  i  :  and  as  they  took  this  for  the  moon's  equation  of  the  centre,  whioh  depends 
upon  the  eecentrioity  of  the  moon's  orbit,  we  oblwo  from  this  too  small  aquation 
of  the  eentre,  an  eoeentrioity  also  smaller  than  the  truth.  Ptolemy,  who  first  oh- 
servfld  the  moon  in  her  quarters,  found  tbr  the  sura  of  those  Inequalities  at  those 
points  the  quantitj'  B"  .  g  .  sin  S  +  1° .  3  .  sin  i,  or  7° .  B  .  sin  J ;  and  thus  made  the 
eccentricity  of  tho  moon  as  much  too  great  at  the  quarters  as  the  observers  of 
eclipses  had  made  it  too  small.  He  hence  concluded  that  the  eocontrioity  of  the 
Moon's  orbit  is  v.iriablo,  whicli  is  not  the  case. 
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cyclical  theory,  was,  for  several  reasons,  an  important  step  in  astron- 
omy ;  Bome  of  tkese  res^ons  may  be  stated. 

1.  It  obviously  suggested,  or  confirmed,  tbe  suspicion  that  tlie  mo- 
tions of  tlie  heavenly  bodies  might  be  subject  to  many  iu equal: ties : 
— that  when  one  set  of  anomalies  Lad  been  discovered  and  reduced  to 
rnle,  another  set  might  come  into  T]ew  — that  the  discovun  of  a  lule 
was  a  step  to  the  discoieiy  of  deviations  fium  the  lule  which  would 
require  to  be  expressed  m  othT  inles  — Ihit  in  the  ^pphcatlon  ot 
theory  to  observalJon  we  fi  id  u  t  only  the  stated  phe  tomena  for 
which  the  tlieory  dops  a  c  unt  lut  aUo  restdual  jkeiwmena  which 
remain  unaccounted  foi  and  stanl  out  beytnd  the  calculation  — that 
thus  nature  is  not  simple  and  regulai,  by  lonforming  to  the  simplicit) 
and  regularity  of  our  hypotheses  bat  leads  us  forwards  to  appaient 
complexity,  and  to  an  accumulation  ot  rules  and  relations  A  fact 
like  the  Evection,  explame  1  by  an  Hypothesis  like  Ptolemy  s  tended 
altogether  to  discourage  any  di'iposition  to  guess  at  the  laws  of  nature 
from  mere  ideal  views  or  from  a  few  jhenomeni 

2.  The  discovery  of  Ejection  had  an  importance  which  did  not 
come  into  view  till  long  ifternird^  m  being  the  farst  of  i  numerous 
series  of  inequalities  of  the  moun  whi  h  re  ulta  fiom  the  Sisturbinj 
F  the  sun.  These  nequiJ  tiei  were  sm-LCssfully  dscoveieJ 
ad     d  fi  ally  to  the  estibl  shment  of  the  li  v  of  univeisil  i^ravita 

Th    moon's  first  inoqual  ty  anaes  fiom  a  different  cause  — fiom 

h  cause  as  the  inequality  of  the  sun's  motion ; — from  the  mo- 

n  a    ellipse,  so  far  as  the  central  attraction  is  undisturbed  by  any 

This  fli'st  inequality  is  called  the  Elliptic  Inequality,  or,  more 

u  h    Equation  of  the  Centre?'     All  the  planets  have  such  in- 

q  lut  the  Evection  is  peculiar  to  the  moon.     The  discovery 

h      nequalities  of  the  moon's  motion,  the  Variation  and  Annual 

Eq  made  au  immediate  sequel  in  the  order  of  the  subject  to 

T  E  atiOQ  of  tli3  Centra  is  tliodiffetEnce  between  tie  place  of  the  Plajiot  in 
ilB  Blliptionl  orbit,  and  that  place  whioli  a  Planet  would  have,  which  revolved  uni- 
formly round  the  Sun  as  a  centre  in  a  oiroolar  orbit  in  the  same  time.  An  imi^i- 
narf  Planet  moving  in  the  manner  laat  described,  is  called  the  mean  Planet,  while 
the  HOtDsl  Planet  which  moves  in  the  ellipse  ia  called  the  true  Planet.  The  Longi- 
tude of  the  meau  Planet  at  a  given  Ome  is  easily  fonnd,  baeauae  its  motion  is  niii- 
form.  By  adding  to  it  the  Eqnation  of  the  Centre,  we  find  the  Longitude  of  tlie 
true  Planet,  and  thus,  its  plaee  in  its  orbit — Liitrim')  Note. 

I  may  add  that  the  word  SipiaHon,.  nsed  in  such  caaes,  denotes  in  general  a  quan- 
tity which  must  be  added  to  or  subtracted  from  a  moan  quanljtj,  lo  make  it  eipi/d 
toflietme  quantity;  or  rather,  a  quantity  which  must  bo  added  f-o  or  siibtraciod 
from  a  variably  inoreasiug  quantity  to  make  il  increase  iqiidbljf. 
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the  discoveries  of  Ptolemy,  although  separated  by  a  long  interval  of 
time ;  for  these  discoveries  were  only  made  by  Tycho  Brahe  m  the 
sixteenth  century.  The  imperfection  of  astronomical  instruments  was 
the  groat  cause  of  this  long  delay. 

3.  The  Epicyclical  Hypothesis  was  found  capable  of  accommodating 
itself  to  such  new  discoveries.  These  new  inequalities  could  be  repre- 
sented by  new  combinations  of  eccentrics  and  epicycles  :  all  the  real 
and  imaginary  discoveries  by  astronomers,  up  to  Copernicus,  were 
actually  embodied  in  tiese  hypotheses;  Copernicus,  as  we  have  said, 
did  not  reject  such  hypotheses;  the  lunar  inequalities  which  Tycho 
detected  might  have  boen  similarly  exhibited ;  and  even  Newton^ 
represents  the  motion  of  the  moon's  apogee  by  means  of  an  epicycle. 
As  a  mode  of  expressing  the  law  of  the  irregularity,  and  of  calculating 
its  results  in  particular  cases,  the  epicyclical  theory  was  capable  of 
continuing  to  render  great  service  to  astronomy,  however  extensive  the 
progress  of  the  science  might  be.  It  was,  in  fact,  as  we  have  already 
saJd,  the  modem  process  of  representing  the  motioa  by  means  of  a 
series  of  circular  functions. 

4.  But  though  the  doctrine  of  eccentrics  and  epicycles  was  thus 
admissible  as  an  Hypothesis,  and  convenient  as  i  means  of  expressing 
the  Jaws  of  the  heavenly  motions,  the  successive  occasions  on  which 
it  was  called  into  use,  gave  no  countenance  to  it  as  a  Theciy ,  that  i^ 
as  a  true  view  of  the  nature  of  these  motions  and  tliPii  causes  By 
the  steps  of  the  piogiess  ot  this  Hypothesis,  it  bpunne  more  and  moie 
complex,  instead  of  becoming  more  simple,  which,  as  we  shall  see, 
was  the  course  of  the  true  Theory.  The  notions  ronceming  the  posi 
tion  and  connei,tion  of  the  heavenly  bodies,  which  were  suggestei  by 
one  set  ot  phonumena,  were  not  confirmed  by  the  indications  of 
another  set  of  phcnomoni ,  for  instance,  those  rtlations  of  the  ej.1 
cycles  which,  were  adopted  to  account  for  the  Motions  ot  the  heavenly 
bodies,  were  not  found  to  fall  in  with  the  consequence'-  of  their  ap 
parent  Diameteis  and  Parallaxes.  In  reaUty,  as  we  ha\e  said,  ]f  the 
lehtive  distances  of  the  sun  and  moon  at  different  times  could  have 
bpeu  accuratelj  determined,  the  Theory  of  Epicycles  must  have  been 
forthwith  overturned  The  insecurity  of  such  measurements  alone 
maintained  the  theory  to  lator  times.^' 

s=  Prineijiia  lib  iii  prop  xsiv. 

"  The  dUeration  of  tliB  apparent  diBtneter  of  the  moon  ia  so  great  that  it  Oajiuot 
eitepe  ne  even  with  very  moderate  instruments.  This  apparent  diameter  oon- 
tains,  when  the  moon  is  i  eacost  the  earth,  3010  seoonda ;  when  she  i»  farthest  off 
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SecL  7.— Conclusion  of  the  History  of  Greek  Astronomy. 

I  MiOHT  now  proceed  to  give  an  account  of  Ptolemy's  other  great 
Btep,  tbe  determination  of  the  Planetary  Orbits ;  but  as  this,  tkoiigh 
in  itself  very  curious,  would  not  illustrate  any  point  boyond  those 
already  noticed,  I  shall  refer  to  it  very  briefly.  The  planets  all  move 
in  ellipses  about  the  sun,  as  the  moon  moves  about  the  earth  ;  and  as 
the  sun  apparently  moves  about  the  earth.  They  will  therefore  ea^ih 
have  an  Elliptic  Ineijuality  or  Equation  of  the  centre,  for  the  same 
reason  that  the  sun  and  moon  have  such  inequalities.  And  this  in- 
equality may  be  represented,  in  the  cases  of  the  planets,  just  as  in  the 
other  twOihymeansof  an  eccentric;  the  epicycle,  it  will  be  recollected, 
had  already  been  used  in  order  to  represent  the  more  obvious  changes 
of  the  planetary  motions.  To  determine  the  amount  of  the  Eccentrici- 
ties and  the  places  of  the  Apogees  of  the  planetary  orbits,  was  the 
task  which  Ptolemy  undertook  ;  Ilipparchus,  as  we  have  seen,  having 
been  destitute  of  the  observations  which  such  a  process  required.  The 
determination  of  the  Eccentricities  in  these  eases  involved  some  pecu- 
liarities which  might  not  at  first  sight  occur  to  the  reader.  The  eclip- 
tica!  motion  of  the  planets  takes  place  about  the  sun  ;  but  Ptolemy 
considered  their  movements  as  altogether  independent  of  the  sun,  and 
refeiTed  them  to  the  earth  alone;  and  thus  the  apparent  eccentricities 
which  he  had  to  account  for,  were  the  compound  result  of  the  Eccen- 
tricity of  the  earth's  orbit,  and  of  the  proper  eccentricity  of  the  orbit 
of  the  Planet.  He  explained  this  result  by  the  received  mechanism 
of  an  ei'centric  Def^ent,  carrying  an  Epicycle ;  but  the  motion  io  the 
Deferent  is  uniform,  not  about  the  centre  of  the  circle,  but  about 
another  point,  the  Equant,  Without  going  further  into  detail,  it 
may  be  suflicient  to  state  that,  by  a  combination  of  Eccentrics  and 
Epicycles,  he  did  account  for  the  leading  features  of  these  motions ; 
and  by  using  his  own  observations,  compared  with  more  aneient  ones 
(for  instance,  those  of  TimocKaris  for  Venus),  ha  was  able  to  determine 
the  Dimensions  and  Positions  of  the  orbits.^' 

1T62  seoonde  ;  that  Ls,  24S  Bcoonds,  or  i  minutes  8  seoonda,  less  than  in  the  former 
oasB.     [The  two  c[Bntitiea  aro  in  the  proportion  of  8  to  T,  nearly.]— Xiiinwu'a  Note. 

™  Ptolemy  determined  the  Endius  and  Iha  Periodio  IliQe  of  his  two  oiroles  for 
Baoh  Planet  in  the  following  nianner :  For  the  infenor  Planets,  that  is,  Mcronry  and 
Venns,  be  took  thB  Eadlna  of  the  Deferent  equal  to  the  Eadias  of  theEarth's  orhit, 
and  the  Eadius  of  the  Eiaojola  oqual  to  that  of  fha  Planet's  orbit.  For  these 
Planets,  according  to  hia  aasamption,  the  Periodic  Time  of  the  Planet  in  its  Epi- 
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I  sliall  here  close  my  account  of  the  astronomical  progress  of  tlie 
Greek  School.  My  purpose  is  only  to  illustrate  the  principles  on  which 
the  progress  of  science  depends,  and  therefore  I  have  not  at  all  pre- 
tended to  touch  upon  every  part  of  the  subject.  Sonio  portion  of  the 
ancient  theories,  as,  for  instance,  the  mode  of  accounting  for  the  motions 
of  the  moon  and  planets  in  latitude,  are  sufficiently  analogous  to  what 
has  beeu  explained,  not  to  require  any  more  especial  notice.  Other 
parts  of  Greek  astronomical  knowledge,  as,  for  instance,  tlioir  acquaint- 
ance with  refraction,  did  not  assume  any  clear  or  definite  forra,  and 
can  only  he  considered  as  the  prelude  to  modem  discoveries  on  the 
same  subject.  And  before  we  can  witli  propriety  pass  ou  to  these, 
there  is  a  long  and  remarkable,  though  unproductive  interval,  of  which 
some  account  must  be  given. 

Sect.  8. — Arahian  Astranamy. 

The  interval  to  whicii  I  have  just  alluded  may  be  considered  as  ex- 
tending from  Ptolemy  to  Copernicus;  we  have  no  advance  in  Greek 
astronomy  after  the  former;  no  signs  of  a  revival  of  the  power  of  dis- 
covery till  the  latter.  During  this  interval  of  1350  yeai-s,"^  the  princi- 
pal cultivators  of  astronomy  were  the  Arabians,  who  adopted  this 
science  from  the  Greeks  whom  they  conquered,  and  from  whom  the 
conquerors  of  western  Europe  again  received  back  their  ti'easuro,  whan 
the  love  of  science  and  the  capacity  for  it  had  been  awakened  in  their 
minds.  In  the  intervening  time,  the  precious  deposit  had  undergone 
little  change.  The  Arab  astronomer  had  been  the  sorupuSous  but 
unprofitable  servant,  who  kept  his  talent  without  apparent  danger 
of  loss,  but  also  without  prospect  of  increase.     There  is  little  in  Ara- 

oyole  was  to  the  Periodic  Tima  of  tho  Epicjolical  Centre  on  the  Deferout,  hs  tlie 
epwdUal  Eevolution  of  the  Planet  to  the  (ropjcoi  EevoluOon  of  the  Enrth  above 
the  Sun.  For  the  three  svperior  PUnets,  Mars,  Jnpiter,  and  Snturn,  the  Ejidins  of 
the  DefbrenC  was  eqnal  ki  Che  Bndins  of  the  Planet's  orbit,  and  the  Badins  of  the 
Epiojela  was  equal  tfi  the  Eadius  of  tha  Earth's  orbit ;  the  Periodic  Tima  on  the 
Planet  in  its  Epicyole  was  to  tlie  Periodic  T^me  of  the  EpioyoUoal  Centre  ou  the 
Deferent,  as  the  (yniJiica!  Eevolution  of  the  Planet  to  the  tropical'Revohxlion  of  the 
Hnme  Planet. 

Ptolemy  might  obviously  have  made  the  geometrical  motions  of  all  the  Planet? 
ooiTflspond  with  the  observnljons  by  one  of  thoBO  two  modes  of  oonatruotion ;  but 
he  appears  to  have  adopted  this  double  form,  of  the  theory,  in  order  that  in  the 
iofbrior,  as  well  as  in  the  superior  Planets,  he  might  give  the  Bmallor  of  tlie  two 
Radii  t«  the  Epicycle :  that  is,  in  order  that  hs  might  make  tlie  smaller  drole  move 
round  the  larger,  not  vice  wrad. — LUtnm'i  Ifotts. 

>'  Ptolemy  died  about  a.  d.  150.    Copernioiis  ivas  living  i,  d.  1500. 
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bic  litoiature  wkich  bears  upon  the  progress  of  astronomy ;  but  aa  the 
little  thattliere  is  must  be  considered  as  a  sequel  to  the  Greek  aeience, 
I  shall  notice  one  or  two  points  before  I  treat  of  the  stationary  period 
in  general. 

When  tte  sceptre  of  western  Asia  had  passed  into  the  hands  of  the 
Abasside  caliphs,^'  Bagdad,  "tlie  city  of  peace,"  rose  to  splendor  and 
refinement,  and  became  the  metropolis  of  science  under  the  succeEsoi* 
of  Almansor  the  Victorious,  as  Alexandria  had  been  under  the  success- 
ors of  Alexander  the  Great.  Astronomy  attracted  peculiarly  the  fa- 
vor of  the  powerful  aa  well  as  the  learned  ;  and  almost  all  the  culture 
which  was  bestowed  npoa  the  scionce,  appears  to  have  had  ifa  source 
in  the  patronage,  often  also  in  the  personal  studies,  of  Saracen  princes. 
Under  such  encouragement,  much  was  done,  in  those  scientific  labors 
which  money  and  rank  can  command.  Translations  of  Greek  works 
were  made,  large  tnstrmnents  were  erected,  observers  were  maintained; 
and  accordingly  as  observation  showed  the  defects  and  imperfection  of 
the  estant  tables  of  the  celestial  motions,  new  ones  were  constructed. 
Thus  under  Almansor,  the  Grecian  works  of  science  were  collected 
from  all  quarters,  and  many  of  them  translated  into  Arabic."  The 
translation  of  the  "  Me^ate  Syntaxis"  of  Ptolemy,  which  thus  became  the 
Almagest,  is  ascribed  to  Isaac  ben  Homain  in  this  I'eign. 

The  greatest  of  the  Arabian  Astronomers  comes  half  a  century  later. 
This  is  Albategnius,  as  he  is  commonly  called;  or  more  exactly,  Mu- 
hammed  ben  Geher  Albatani,  the  last  appellation  indicating  liat  he 
was  born  at  Batan,  a  city  of  Mesopotamia."  He  was  a  Syrian  prince, 
whose  residence  was  at  Aracte  or  Racha  in  Mesopotamia :  a  part  of 
his  observations  were  made  at  Antioch.  His  work  still  remains  to  us 
in  Latin.  "  After  having  read,"  he  says, "  tie  Syntaxis  of  Ptolemy,  and 
learnt  the  methods  of  calculation  employed  by  the  Greeks,  his  obser- 
vations led  him  to  conceive  that  some  improvements  might  be  made  in 
their  results.  He  found  it  necessary  to  add  to  Ptolemy's  observations 
as  Ptolemy  had  added  to  those  of  Abrachis"  (Hipparchus).  He  then 
published  Tables  of  the  motions  of  the  sun,  moon,  and  planets,  which 
long  maintained  a  high  reputation. 

These,  however,  did  not  prevent  the  publication  of  others.  Under 
the  Caliph  Hafeem  (about  a.  d.  1000),  Ebon  lounis  published  Tables 
of  the  Sun,  Moon,  and  Planets,  which  were  hence  called  the  Sakemile 
Tables.     Not  long  after,  Araachel  of  Toledo  published  the  Toletan  Ta- 
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bles.  In.  tlie  13th  century,  Jfasir  Eddin  published  Tables  of  the  Stars, 
dedicated  to  Ilcian,  a  Tartar  prince,  and  hence  termed  the  Ilchanic 
Tables.  Two  centuries  later,  Ulugh  Beigh,  the  gi'andson  of  Tamerlane, 
and  prince  of  the  countries  beyond  the  Oxiia,  waa  a  zealous  pracfical 
astronomer ;  and  his  Tables,  whicli  were  published  in  Europe  by  Hyde 
in  1665,  are  referred io  as  important  authority  by  modern  astronomers. 
The  series  of  Astronomical  Tables  which  we  have  thus  noticed,  in 
which,  however,  mjiny  are  omitted,  leads  ua  to  the  Alphonsine  Tables, 
which  were  put  forth  in  1488,  and  in  succeeding  years,  under  the  aus- 
pices of  Alphonso,  king  of  Castile ;  and  thus  brings  us  to  tLe  verge 
of  modern  astronomy. 

For  all  these  Tables,  the  Ptolemaic  hypotheses  were  employed ;  and, 
for  the  most  part,  without  alteration.  TTie  Arabs  sometimes  felt  the 
extreme  complexity  and  difficulty  of  the  doctrine  which  they  studied ; 
but  their  minds  did  not  possess  that  kind  of  invention  and  energy  by 
which  the  philosophers  of  Europe,  at  a  later  period,  won  their  way 
into  a  simpler  and  better  system. 

Thus  Alpetragius  states,  in  the  outset  of  his  "Planetarum  Theorica," 
that  he  was  at  first  astonished  and  stupefied  with  this  complexity,  but 
that  afterwards  "God  was  pleased  to  open  to  him  tb,c  occult  secret  in 
the  theory  of  his  orbs,  and  to  make  known  to  him  the  truth  of  their  es- 
sence, and  the  rectitude  of  tho  quality  of  their  motion."  His  system 
consists,  according  to  Delambre,*'  in  attributing  to  the  planets  a  spiral 
motion  from  east  Jo  west,  an  idea  already  refuted  by  Ptolemy.  Geber 
of  Seville  criticises  Ptolemy  very  severely,"  but  without  iutroducing 
any  essential  alteration  into  his  system.  The  Arabian  observations 
are  in  many  cases  valuable ;  both  because  they  were  made  with  more 
skill  and  with  better  instruments  than  those  of  the  Greeks ;  and  also 
because  they  illustrate  the  permanence  or  variability  of  important  ele- 
ments, such  as  the  obliquity  of  the  ecliptic  and  the  inclination  of  the 

We  must,  however,  notice  one  or  two  peculiar  Arabian  doctrines. 
Tho  most  important  of  these  is  the  discovery  of  the  Motion  of  the 
Sun's  Apogee  by  Albategnius.  He  found  the  Apogee  to  be  in  longi- 
tude 82  degrees ;  Ptolemy  had  placed  it  in  longitude  65  degrees.  Tho 
difference  of  1^  degrees  was  beyond  all  limit  of  probable  error  of  cal- 
culation, though  the  process  is  not  capable  of  great  precision ;  and  the 
e  of  the  Motion  of  the  Apogee  was  so  obvious,  that  we  cannot 

Dolambrc,  M.  A.  p.  T.  "  J/.  A.  p,  130,  &c. 
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agree  with  Dolambre,  in  doubting  or  extenuatiEg  the  claim  of  Alba- 
teg^ius  to  this  discovery,  on  tfie  gi'ound  of  tis  not  having  expressly 
stated  it. 

In  detecticg  this  motion,  the  Arabian  astronomers  reasoned  rightly 
from  facte  well  observed  :  they  were  not  always  so  fortunate.  Araachel, 
in.  the  11th  century,  found  the  apogee  of  the  aun  to  be  less  advanced 
than  Albategniua  had  found  it,  by  some  degrees ;  he  inferred  that  it 
had  receded  in  the  intermediate  time;  but  we  now  know,  from  an  ac- 
quEuntance  witli  its  real  rate  of  moving,  that  the  true  inference  would 
have  been,  tiat  Albategnius,  whose  method  was  less  trastworthy  than 
that  of  Aizaehel,  had  made  an  error  to  the  amount  of  the  difference 
thus  arising.  A  curious,  but  utterly  false  hypothesis  was  founded  oq 
observations  thus  erroneously  appreciated;  namely,  the  TrejAdationof 
the  fixed  Stan.  Arzachel  conceived  that  a  uniform  Precession  of  the 
equinoctial  points  would  not  account  for  the  apparent  changes  of  posi- 
tion of  the  stars,  and  that  for  this  purpose,  it  was  necessary  to  conceive 
two  chcles  of  about  eight  degrees  radius  described  round  the  equinoc- 
tial points  of  the  immovable  sphere,  and  to  suppose  the  first  pointe  of 
Aries  and  Libra  to  describe  the  circumference  of  these  circles  in  about 
800  years.  This  would  produce,  at  one  time  a  progression,  and  at 
another  a  regression,  of  the  apparent  equinoxes,  aud  would  moreover 
change  the  latitude  of  the  stars.  Such  a  motion  is  entirely  visionai'j  ; 
but  the  doctrine  made  a  sect  among  astronomers,  and  was  adopted  in 
the  first  edition  of  the  Alphonsine  Tables  th       h  afte        ds    j    ted 

An  important  exception  to  the  general       p    g  ess  h        t         t 

Arabian  science  has  been  pointed  out  tly  by  M  S  1 11  t.       It 

appears  that  Mohammed-Aboul  W  f  al  B      dj  A    b  t 

omer  of  the  tenth  century,  wh  IdtC  db         dt 

Bagdad  in  9l5,  discovered  a  third  q  1  ty  t  th  m  ,  add  t 
to  the  two  expounded  by  Ptol  my  the  Eq  t  n  of  the  Centre,  and 
the  Evection.  This  thii-d  inequ  1  ty  th  T  tion,  is  usually  sup- 
posed to  have  been  discovered  bj  Ty  h  B  h  ,  s  centuries  later.  It 
is  an  inequality  of  the  moon's  motion,  in  virtue  of  whii,h  she  moves 
quickest  when  she  is  at  new  or  full,  and  slowest  it  the  first  and  third 
quarfer ;  in  consequence  of  this,  from  the  first  quirtet  to  the  full,  she 
is  behind  her  meaw  place ;  at  the  fall,  she  does  not  difler  from  her 
mean  place ;  from  the  full  to  the  third  quirtei,  she  ja  betore  her  tnie 

I'Hiit.  de  I'Astron,  ohes  lea  Araljea.    ^oujiam 
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place ;  and  so  on ;  and  the  greatest  effect  of  the  ineq^nality  is  in  tlie 
octants,  or  points  half-way  between  the  four  quarters.  In  an  Almagest 
of  Abonl  Wefa,  a  part  of  which  exists  in  the  Royal  Library  at  Paris, 
after  describing  the  two  inequalities  of  the  moon,  he  has  a  Section  ix., 
"  Of  the  Third  Anomaly  of  the  moon  called  Muliaml  or  Promeum" 
He  there  says,  that  taking  cases  when  the  mooE  was  in  apogee  or 
perigee,  and  when,  consequently,  the  effect  of  the  two  first  inequalities 
vanishes,  he  found,  by  observation  of  ike  moon,  when  she  was  nearly  in 
trim  and  in  sextile  with  the  sun,  that  she  was  a  degree  and  a  quarter 
from  her  calculated  place.  "And  hence,"  he  adds,  "I  perceived  that 
this  anomaly  exists  independently  of  the  two  first :  and  this  can  only 
take  place  by  a  declination  of  the  diameter  of  the  epicycle  with  respect 
to  the  centre  of  the  zodiac" 

We  may  remark  that  we  have  here  this  inequality  of  the  moon 
made  out  in  a  realiy  philosophical  manner;  a  residual  quantity  in  the 
moon's  longitude  being  detected  by  obseiTation,  and  the  cases  in 
which  it  occurs  selected  and  grouped  by  an  inductive  effoit  of  the 
mind.  The  advance  is  not  great;  for  Aboul  Wefa  appears  only  to 
have  detected  the  existence,  and  not  to  have  fixed  the  law  or  the 
exact  quantity  of  the  inequality;  but  still  it  places  the  scientific 
capacity  of  the  Arabs  in  a  more  favorable  point  of  view  than  any  cir- 
cumstance with  which  we  were  previously  acquainted. 

But  this  discovery  of  Aboul  Wefa  appears  to  have  excited  no  notice 
among  his  contemporaries  and  followers :  at  least  it  had  been  long 
quite  forgotten  when  Tycho  Erahe  rediscovered  the  same  lunar 
inequality.  We  can  hardly  help  looking  upon  this  circumstance  as 
an  evidence  of  a  servility  of  intellect  belonging  to  the  Arabian  period. 
The  learned  Arabians  were  so  little  in  the  habit  of  considering  science 
as  progressive,  and  looking  with  pride  and  confidence  at  examples  of 
its  progress,  that  they  had  not  the  courage  to  believe  in  a  discovery 
which  they  themselves  had  made,  and  were  dragged  back  by  the  chain 
of  authority,  even  when  they  had  advanced  beyond  their  Greek 
masters. 

As  the  Arabians  took  the  whole  of  their  theory  (with  such  slight 
exceptions  as  we  have  been  noticing)  from  the  Greeks,  they  teok  from 
them  also  the  mathematical  processes  by  which  the  consequences  of 
the  theory  were  obtained.  Arithmetic  and  Trigonometry,  two  main 
branches  of  these  processes,  received  considerable  improvements  at 
their  hands.  In  the  former,  especially,  they  rendered  a  service  to  the 
world  which  it  is  difficult  to  estimate  too  highly,  in  abolishing  the 
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i;umbrous  Sexagesimal  Aritlimetic  of  the  Greeks,  and  introducing  tie 
notation  by  means  of  tie  digits  1,  2,  3,  4,  5,  6,  1,  8,  9,  0,  which  we 
now  employ."  These  numerals  appear  to  bo  of  Indian  origin,  as  is 
acknowledged  by  the  Arabs  themselves ;  and  thus  form  no  exception 
to  the  sterility  of  the  Arabian  genius  as  to  great  scientific  inventions. 
Another  improvement,  of  a  subordinate  kind,  but  of  great  utility,  was 
Arabian,  being  made  by  Albategnius.  He  introduced  into  calculation 
the  sirie,  or  half-chord  of  the  double  arc,  instead  of  the  chord  of  the 
arc  itself,  which  had  been  employed  by  the  Greek  astronomers.  There 
have  been  various  conjectures  concerning  the  origin  of  the  word  sine  ; 
the  most  probable  appears  to  be  that  sinus  is  the  Latin  translation  of 
the  Arabic  word  ffih,  which  signifies  a  fold,  the  two  halves  of  the  chord 
being  conceived  to  be  folded  together. 

The  great  obligation  which  Science  owes  to  the  Arabians,  is  to 
have  preserved  it  during  a  period  of  darkness  and  desolation,  so  that 
Europe  might  receive  it  back  again  when  the  evil  days  wore  past. 
We  shall  see  hereafter  how  differently  the  European  intellect  dealt 
with  this  hereditary  treasure  when  once  recovered. 

Before  quitting  the  subject,  we  may  obsei-ve  that  Astronomy  brought 
back,  from  her  sojourn  among  the  Arabs,  a  few  terms  which  may 
still  be  perceived  in  her  phraseology.  Such  are  the  zenith,  and 
the  opposite  ima^nary  point,  the  nadir ; — the  circles  of  the  spiere 
termed  almacantars  and  azimuth  circles.  The  alidad  of  an  Instru- 
ment is  its  index,  which  possesses  an  angular  motion.  Some  of  the 
stars  still  retain  their  Arabic  naraeH ;  Aldeharan,  Migel,  Fomalkaut ; 
many  others  were  known  by  such  appellatJons  a  little  while  ago. 
Perhaps  the  word  almanac  is  the  most  familiar  vestige  of  the  Arabian 
period  of  astronomy. 

It  is  foreign  to  my  purpose  to  note  any  efforts  of  the  intellectual 
faculties  among  other  nations,  which  may  have  taken  place  independ- 
ently of  the  great  system  of  progressive  European  eultm'e,  from  which 
all  our  existing  science  is  derived.  Otherwise  I  might  speak  of  the 
astronomy  of  some  of  the  Orientals,  for  example,  the  Chinese,  who  are 
said,  by  Montucla  (i.  46S),  to  have  discovered  the  first  equation  of  the 
moon,  and  the  proper  motion  of  the  fixed  stare  (the  Precession),  in 
the  third  century  of  our  era.  The  Greets  had  made  these  discoveries 
500  years  earlier. 

"  Mont,  i,  are. 
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!  the  !ill-compOBing  lioiir 


As  one  by  one,  at  dread  Medea's  strain, 
The  sickening  stara  fede  off  t!i'  ethereal  plain  ; 
As  Ai^s'  eyes,  by  Hermes'  wand  opprest, 
Closed  one  by  one  to  ererlaaling  rest ; 
Tlius  at  her  Mt  approacli  and  secret  might. 
Art  after  art  goes  out,  and  all  is  night. 
See  skulking  TroUi  to  her  old  cavern  fled. 
Mountains  of  casuistry  heaped  on  her  head  ; 
Philosophy,  that  reached  the  heavens  before, 
Shiinlis  to  her  hidden  cause,  and  is  no  more. 
Physic  of  Metaphysic  begs  defence, 
And  MetaphyMC  calls  for  aid  to  Sense  : 
See  Mystery  to  Mathematits  fly ! 
In  T^n !  they  gaae,  turn  giddy,  rave,  and  die. 
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INTRODUCTION. 

TTfE  have  eow  to  consider  more  especially  a  long  ana  barren  period, 
' '  wliicli  interveced  between  the  scientific  activity  of  ancient  Greece 
and  that  of  modern  Europe ;  and  which  we  may,  therefore,  call  thi; 
Stationary  Period  of  Science.  It  wonid  be  fo  no  purpose  to  enumer- 
ate the  various  foims  in  which,  during  these  times,  men  reproduced 
the  discoveries  of  the  inventive  ages;  or  to  trace  in  them  the  small 
successes  of  Art,  void  of  any  principle  of  genuine  Philosophy,  Our 
object  reqiiires  rather  that  we  should  point  out  the  general  and  dis- 
tinguishing features  of  the  intellect  and  habits  of  those  times.  "We 
must  endeavor  to  delineate  the  character  of  the  Stationary  Period, 
and,  as  far  as  possible,  to  analyze  its  defects  and  errors  ;  and  thns  ob- 
tain some  knowledge  of  the  causes  of  its  barrenness  and  dartness. 

We  have  already  stated,  that  real  scientific  progress  requires  dis- 
tinct general  Ideas,  applied  to  many  special  and  certain  Facts.  In 
the  period  of  which  we  now  have  to  speak,  men's  Ideas  were  obscured ; 
their  disposition  to  bring  their  general  views  into  aocordance  with 
Facts  was  enfeebled.  They  were  thus  led  to  employ  themselves  un- 
profitably,  among  indistinct  and  unreal  notions.  And  the  evil  of  these 
tendenoira  was  fhrther  inflamed  by  moral  peculiarities  in  the  character 
of  those  times  ; — by  an  abjectness  of  thought  on  the  one  hand,  which 
could  not  help  looking  towards  some  infellectnal  superior,  and  by  an 
impatience  of  dissent  on  the  other.  To  this  must  be  added  an  enthu- 
siastic temper,  which,  when  introduced  into  speculation,  tends  to  sub- 
ject the  mind's  operations  to  ideas  altogether  distorted  and  delusive. 

These  charaoteriaties  of  the  stationary  period,  its  obscurity  of  thought, 
its  servility,  its  intolerant  disposition,  and  its  enthusiastic  temper,  will 
be  treated  of  in  the  four  following  chapters,  on  the  Indistinctness  of 
Ideas,  the  Commentatoria!  Spirit,  the  Dogmatism,  and  the  Mysticism 
of  the  Middle  Ages. 
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CHAPTER   r. 

Off  TBB  Ihdisiikctkess  or  Ideas  of  thb  Middle  Ages. 

rpHAT  firm  and  entire  possession  of  cert^n  cloap  aud.  distinct  general 
-L  ideas  wUcli  is  necessary  to  sound  science,  was  the  character  of 
the  minds  of  those  among  the  ancients  who  created  the  several  sciences 
which  arose  among  them.  It  was  indispensable  that  such  inventors 
should  have  a  luminous  and  steadfast  apprehension  of  eei-tain  general 
relations,  such  as  those  of  space  and  number,  order  and  cause ;  and 
should  be  able  to  apply  these  notions  with  perfect  readiness  and  pre- 
cision to  special  facts  and  cases.  It  is  necessary  that  such  scientific 
notions  should  be  more  definite  and  precise  than  those  which  common 
language  conveys ;  and  in  this  state  of  unusual  clearness,  they  must  be 
so  familiar  to  the  philo'iopher  that  they  are  the  language  in  which  he 
thinks.  The  do  e  th  s  led  to  doctnnes  which  other  men  adopt 
and  follow  out  i  rop  rt  on  is  th  y  s  ze  the  fundamonta!  ideas,  and 
become  acquantel  th  the  le  d  n^  fa  ts  Thus  Hipparchus,  con- 
ceiving cle  rly  the  n  ot  on  ani  coml  nat  ons  of  motion  which  enter 
into  his  theory  s  w  that  the  relat  ve  le  gtl  s  of  the  seasons  were  suffi- 
cient data  for  determining  the  form  of  the  'sun  s  orbit;  thus  Arrhimedes, 
possessing  a  steady  notion  of  mei,hinioal  pressure,  was  able  not  only 
to  deduce  the  properties  of  the  lever  and  of  the  centre  of  giivity,  but 
also  to  see  the  truth  of  those  pimciples  icspectmg  the  distnbution  of 
pressure  in  fluids,  on  which  the  s^itnte  of  hydrostatics  lepenli 

With  the  progress  of  such  distinct  idea's,  the  mduetno  >iiences  rise 
and  flourish ;  with  the  decav  and  los^  of  such  distinct  ileas,  these 
sciences  become  stationary,  languil  and  retrograde  When  men 
merely  repeat  the  terms  of  scicn  p,  without  ittiohing  to  them  my 
clear  conceptions  ; — when  their  apprehensions  become  vague  and  dim 
— when  they  assent  to  scientiflt  doctrines  is  a  matter  ot  tradition 
rather  than  of  conviction,  on  trust  rather  than  on  sight  — when 
science  is  considered  as  a  collection  of  opinions,  rather  thin  a  record 
of  laws  by  which  the  universe  is  reilly  goierned, — it  must  mevitablj 
happen,  that  men  will  lose  then  hold  on  the  Lnowledge  which  the 
great  discoverers  who  precede  I  them  ha\e  biought  to  light  Thej 
are, not  able   to    push  forwirls    th     truths  on  which  the\    In  so 
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feeble  and  irresolute  a  hand ;  probably  they  cannot  evea  prevent  their 
sliding  back  towards  the  obscurity  from  which  they  had  been  drawn, 
or  from  being  lost  altogether.  Such  indistinctness  and  vacillation  of 
thought  appear  to  have  prevailed  in  the  stationary  period,  and  to  be, 
in  fact,  intimately  connected  witli  its  stationary  character,  I  shall 
point  out  some  indications  of  the  intellectual  peculiarity  of  which  I 
speak. 

I.  Collections  o/"  Opinions. — Tte  fact,  that  mere  Collections  of  the 
opinions  of  physical  philosophers  came  to  hold  a  prominent  place  in 
literature,  already  indicated  a  tendency  to  an  indistinct  and  wandering 
apprehension  of  such  opinions.  I  speak  of  such  works  as  Plutarch's 
five  Books  "  on  the  Opinions  of  Philosophers,"  or  the  physical  opinions 
which  Diogenes  La^rtius  gives  in  Ms  "  Lives  of  the  Philosophers."  At 
aa  earlier  period  still,  books  of  this  kind  appear ;  as  for  instance,  a 
large  portion  of  Pliny's  Natural  History,  a  work  which  has  very  ap- 
propriately been  called  the  EncyelopEedia  of  Antlqnity ;  even  Aristotle 
himself  is  much  in  the  habit  of  enumerating  the  opinions  of  those 
who  had  preceded  him.  To  present  such  statements  as  an  important 
part  of  physical  philosophy,  shows  an  erroneous  and  loose  apprehen- 
sion of  its  nature.  For  the  only  proof  of  which  its  doctrines  admit, 
ia  the  possibility  of  applying  the  genera!  theory  to  each  particular 
ciBe ;  the  authority  of  great  men,  which  in  moral  and  practical  mat- 
ters may  or  must  have  ifs  weight,  is  here  of  no  force ;  and  the  tech- 
nical precision  of  ideas  which  the  terms  of  a  sound  physical  tlieory 
usually  demand,  renders  a  mere  statement  of  the  doctrines  very  imper- 
fectly intelligible  to  readers  familiar  with  common  notions  only.  To 
dwell  upon  such  collections  of  opinions,  therefore,  both  implies,  and 
produces,  in  writore  and  loaders,  an  obscure  and  iiiadec[uate  apprehen- 
sion of  the  ftill  meaning  of  the  doctrines  thus  collected ;  supposing  there 
be  among  them  any  which  rally  prs'^ss  such  ■»  clearness  solidity 
and  reality,  as  to  make  them  mjtat      thhlryf  Sh 

diversities  of  opinion  convey        t    th         h  It  pi    ty    t    t  t 

meats  of  what  has  been  said,  1  g       t      h  h  t  h 

accumulations  of  indistinct  n  fi        J  t       1  1  d        t 

make  up  one  distinct  idea,     Otl  trytBhbtfd     llg 

upon  the  verbal  expressions  of  th  f   th     p  1    tl      g 

content  with  such  an  apprehe  fit  asat  tt 

can  give  us,  is  fetal  to  firm  a  d    1       th    ght     t      d     t  c 

and  feeble  conceptions,  which  are  m  n  tent  with  nnd  phy  1 
speculation. 
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We  may,  thei 
kind  just  referred  to,  as  indi 
in  the  ages  now  under 


isidei'  the  prevalence  of  Collections  of  the 
dicating  a  deficiency  of  philosophical  talent 
i  evidence  of  the  same  character, 
we  may  add  the  long  train  of  publishers  of  Ahsti'aots,  Epitomes,  Bibli- 
ographical Notices,  and  similar  writers.  All  such  writers  sre  worth- 
leas  for  all  purposes  of  science,  and  their  labors  may  be  cons  dered  as 
dead  works ;  they  have  in  them  no  principle  of  ph  losoph  tI  vital  ty 
they  draw  their  origin  and  nutriment  from  the  death  of  f  e  j  hj  s  cal 
knowledge ;  and  resemble  the  swarms  of  insecti  that  a  bom  tr  i 
the  perishing  cai-caas  of  some  noble  animal. 

2.  Indislinclness  of  Ideas  in,  Mechanics. — But  tl  e  ind  st  nctness  of 
thought  which  is  so  fatal  a  feature  in  the  intellect  of  the  stationaiy 
period,  may  be  traced  more  directly  in  the  works,  even  of  the  best 
authors,  of  those  times.  We  find  fiat  they  did  not  retain  steadily  the 
ideas  on  which  the  scientific  success  of  the  previous  period  bad  de- 
pended. For  instance,  it  is  a  remaiiable  circumstance  in  the  history 
of  the  science  of  Mechanics,  that  it  did  not  make  any  advance  from 
the  time  of  Archimedes  to  that  of  Stevinns  and  Galileo.  Archimedes 
had  established  the  doctrine  of  the  lever ;  several  persona  tried,  in  the 
intermediate  time,  to  prove  the  property  of  the  inclined  plane,  and 
none  of  them  succeeded.  But  let  ua  look  to  the  attempts ;  for  exam- 
ple, that  of  Pappus,  in  the  eighth  Book  of  his  Mathematical  Collec- 
tions, and  we  may  see  the  reason  of  tlie  failure.  His  Problem  shows, 
in  the  very  terms  in  which  it  is  propounded,  the  want  of  a  clear  ap- 
prehen^on  of  the  subject.  "Having  given  the  power  which  will  draw 
a  given  weight  along  the  horizontal  plane,  to  find  the  additional  power 
which  will  draw  the  same  weight  along  a  given  inclined  plane."  This 
is  proposed  without  previously  defining  how  Powers,  producing  such 
effects,  are  to  be  measured ;  and  as  if  the  speed  with  which  the  body 
were  drawn,  and  the  nature  of  the  surface  of  the  plane,  were  of  no 
consequence.  The  proper  elementary  Problerd  is.  To  find  the  force 
which  will  support  a  body  on  a  smooth  inclined  plane ;  and  no  doubt 
the  solution  of  Pappus  baa  more  reference  to  tiis  problem  than  to 
his  own.  His  reasoning  is,  however,  totaily  at  variance  with  mechan- 
ical ideas  on  any  view  of  the  problem.  He  supposes  the  weight  to  be 
formed  into  a  sphere ;  and  this  sphere  being  placed  in  contact  with 
the  inclined  plane,  he  assumes  that  the  effect  will  be  the  same  as  if  the 
weight  were  supported  on  a  horizontal  lever,  the  fulcrum  being  the 
point  of  contact  of  the  sphere  with  the  plane,  and  the  power  acting  at 
the  circumference  of  the  sphere.     Such  an  assumption  implies  an  entire 
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absence  of  tiiose  distinct  ideas  of  force  and  iiiccbaTiical  picsaure,  on 
which  our  perception  of  the  identity  or  difference  of  different  modes 
of  action  must  depend ; — of  those  ideas  by  the  help  of  which  Archi- 
medes had  been  able  to  demonstrate  the  properties  of  the  lever,  and 
Steviaus  afterwards  discovered  the  trae  solution  of  the  problem  of  the 
inclined  plane.  The  motive  to  Pappus's  assumption  was  probably  no 
more  than  tJiis ; — he  perceived  that  the  additional  power,  which  be 
thus  obtained,  vanished  when  the  plane  became  horizontal,  and  in- 
creased as  the  inclination  became  greater.  Thus  his  views  were  vague; 
he  had  no  clear  conception  of  mechanical  action,  and  he  ti'ied  a  geo- 
raetiical  conjecture.     This  is  not  the  way  to  real  knowledge. 

Pappus  (who  lived  about  a.  d.  400)  was  one  of  the  beat  mathemati- 
cians of  the  Alexandrian  school ;  and,  on  subjects  where  his  ideas  were 
so  indistinct,  it  is  not  likely  that  any  much  clearer  were  to  be  found  in 
the  minds  of  his  contemporaries.  Accordingly,  on  all  subjects  of  spec- 
ulative mechanics,  there  appears  to  have  been  an  entire  confasion  and 
obscurity  of  thought  till  modern  times.  Men's  minds  were  busy  in 
endeavoring  to  systematize  the  distinctions  and  snbtieties  of  the  Arjs- 
totehan  school,  concerning  Motion  and  Power;  and,  being  thus  em- 
ployed among  doctrines  in  which  there  was  involved  no  definite  mean- 
iug  capable  of  real  exemplification,  they,  of  course,  could  not  acquire 
sound  physical  knowledge.  We  have  already  seen  that  the  physical 
opinions  of  Aristotle,  even  as  they  came  fl'om  him,  had  no  proper 
scientific  precision.  His  followers,  in  their  endeavors  to  perfect  and 
develop  his  statements,  never  attempted  to  introduce  clearer  ideas  than 
those  of  their  master ;  and  as  they  never  referred,  in  any  steady  man- 
ner, to  facta,  the  vagueness  of  their  notions  was  not  conccted  by  any 
collision  with  observation.  The  physical  doctrines  which  they  extiact- 
ed  from  Aristotle  were,  in  the  course  of  time,  bnilt  up  into  a  regular 
sj^tem;  and  though  these  doctrines  could  not  be  lollowed  into  a 
practical  application  without  introducing  distinitions  and  thanges, 
such  as  deprived  the  terms  of  all  steady  signification,  the  dogmas  con- 
tinued to  be  repeated,  till  the  world  was  persuaded  that  they  were  self- 
evident;  and  when,  at  a  later  penod,  expenmental  philosopheis,  such 
as  Galileo  and  Boyle,  ventured  to  contradict  these  cmient  maxims, 
their  new  principles  sounded  in  men's  ears  ss  strange  as  they  no\v 
sound  familiar.  Thus  Boyle  promulgated  his  opinions  on  the  mechan 
ics  of  fluids,  as  " Hydrostatical  Paradoxes,  proved  and  illustrated  by 
experiments."  And  the  opinions  which  he  theie  opposes  are  those 
which  the  Aristotelian  philosoi^her'i  hibitually  piopounded  i- ceitiin 
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and  iadisputjible ;  such,  for  instance,  as  that  "  in  fluids  the  upper  parts 
do  not  gravitate  ou  the  lower ;"  that  "  a  lighter  fluid  will  not  gravitate 
on  a  heavier;"  that  "levity  is  a  positive  quality  of  bodies  ss  well  as 
gravity."  So  long  as  these  assertions  were  left  imconteated  and  un- 
tried, meii  heard  and  repeated  them,  without  perceiving  the  incon- 
gmjties  which  they  involved :  and  thus  they  long  evaded  refutation, 
amid  the  vagne  notions  and  undoubticg  habits  of  the  stationary  period. 
But  when  the  controversies  of  Galileo's  time  had  made  men  think  with 
more  acuteness  and  steadiness,  it  was  discovered  that  many  of  these 
doctrines  were  inconsistent  with  themselves,  as  well  as  with  experi- 
ment. "We  have  an  example  of  the  eonfuaon  of  thought  to  which 
the  Aristotelians  were  liable,  in  their  doctrine  concerning  felling  bodies. 
"Heavy  bodies,"  said  they,  "must  fell  qnickor  than  light  ones;  for 
weight  is  the  cause  of  their  fall,  and  the  weight  of  the  greater  bodies 
is  greater."  They  did  not  perceive  that,  if  they  considered  the  weight 
of  the  body  as  a  power  acting  to  produce  motion  they  must  consider 
the  body  itself  as  offering  a  resistance  to  motion  and  thit  the  efiect 
must  depend  on  the  pi-oportion  of  the  power  to  the  resistance  m 
short,  they  bad  no  clear  idea  of  accelerating  force  This  detei,t  runs 
through  all  their  mechanical  speculations,  and  r  nders  them  entnely 
valueless. 

We  may  exemplify  the  same  confusion  of  thought  on  mechanicii 
subjects  in  writers  of  a  less  technical  character.  Thus  it  men  hil  anj 
distinct  idea  of  mechanical  action,  they  could  not  have  accepted  for  a 
moment  the  fable  of  the  Echineis  or  Remora,  a  little  fish  which  was 
said  to  be  able  to  stop  a  large  ship  merely  by  sticking  to  it.'  Lucan 
refers  to  this  legend  in  a  poetical  manner,  and  notices  this  creature 
only  in  bringing  together  a  collection  of  monstrosities;  but  Pliny  re- 
lates the  tale  gravely,  and  moralizes  upon  it  after  his  manner.  "  What," 
he  cries,'  "  ia  more  violent  than  the  sea  and  the  winds  ?  what  a  greater 
work  of  art  than  a  ship?  Yet  one  little  fish  (the  Echineis)  can  hold 
back  all  these  when  they  all  strain  the  same  way.     The  winds  may 

'  Luoan  Is  dasoriblng  one  of  tho  poetical  oomponnds  produced  in  moantWionB. 

HuQ  ([aicquid  f<£tn  genuit  Nntnra  ainistro 

Mlseatur;  non  spnina  oanxini  quibus  undatjmori  est, 

Viaoera  non  Ijcois,  non  durie  nodns  hytenio 

Defalt,  et  cervi  piati  serpecte  mednUce ; 

Non  puppes  reUnens,  Eara  tendents  rudcntcs 

In  mediis  MMaek  aqiiis,  oculique  draeonum. 

Etc.  Pharmlia,  iv.  670. 

'  Plln.  Hisl.  N.  xssU,  5. 
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blow,  the  waves  may  rage ;  but  this  small  creature  controls  tlieir  fury, 
and  stops  a  vessel,  when  chains  and  auchora  would  not  hold  it :  and 
thia  it  does,  not  by  hard  labor,  but  merely  by  adhering  to  it.  Alas, 
for  hmnaji  vanity  !  when  the  turreted  ships  which  man  has  built,  that 
he  may  fight  irom  castle-walls,  at  sea  as  well  as  at  land,  are  held  cap- 
tive and  motionle^  by  a  fish  a  foot  and  a  half  loEg !  Such  a  flsh  is 
said  to  have  stopped  the  admiral's  ship  at  the  battle  of  Actium,  and 
compelled  Antony  to  go  into  another.  And  in  our  own  memory,  one  of 
these  animals  held  fast  the  ship  of  Caius,  the  emperor,  when  he  was  sail- 
ing from  Astura  to  Antiiim.  The  stopping  of  this  ship,  when  all  the 
rest  of  the  fleet  went  ou,  caused  surprise;  but  this  did  not  last  long, 
for  some  of  the  men  jumped  into  the  water  to  look  for  the  fish,  and 
found  it  sticking  to  the  rudder;  they  shovi'ed  it  to  Caius,  who  was  in- 
dignant that  this  animal  should  interpose  its  prohibition  to  his  prog- 
ress, when  impelled  by  four  hundred  rowel's.  It  was  lite  a  slug ;  and 
had  no  power,  after  it  was  taken  into  the  ship." 

A  very  little  advance  in  the  power  of  thinking  clearly  on  the  force 
which  it  exerted  in  pulling,  would  have  enabled  the  Komans  to  see 
that  the  ship  and  its  rowers  must  pull  the  adhering  fish  by  the  hold 
the  oars  had  upon  the  wafer;  and  that,  except  the  fish  had  a  hold 
equally  strong  on  some  external  body,  it  could  not  resist  tliis  force. 

3.  Indistinctness  of  Ideas  shown  in  Architecture. — Perhaps  it  may 
serve  to  illustrate  still  further  the  extent  to  which,  under  the  Roman 
empire,  men's  notions  of  mechanical  relations  became  faint,  wavered, 
and  disappeared,  if  we  observe  the  change  which  took  place  in  archi- 
tecture. All  architecture,  to  poeaess  genuine  beauty,  must  be  mechan- 
ically consistent.  The  decorative  members  must  represent  a  structure 
which  has  in  it  a  principle  of  support  and  stability.  Thus  the  Grecian 
colonnade  was  a  straight  horizontal  beam,  resting  on  vertical  props ; 
and  the  pediraent  imitated  a  frame  like  a  roof,  where  oppositely 
inchned  beams  support  each  other.  These  forms  of  building  were, 
therefore,  proper  models  of  art,  because  they  implied  supporting  forces. 
But  to  be  content  with  colonnades  and  pediments,  which,  though  they 
imitated  the  forms  of  the  Grecian  ones,  were  destitute  of  their  mechan- 
ical truth,  belonged  to  the  decline  of  art;  and  showed  that  men  had 
lost  the  idea  of  force,  and  retained  only  that  of  shape.  Yet  this  was 
what  the  ai'chitects  of  the  Koman  empire  did.  Under  their  hands,  the 
pediment  was  severed  at  its  vertex,  and  divided  into  separate  halves, 
so  that  it  was  no  longer  a  mechanical  possibility.  The  entablature 
[10  longer  lay  straight  from  pillar  to  pillar,  but,  projecting  ovei  each 
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ooiumD,  tiinicd  back  to  tlie  wall,  and  adhered  to  it  iu  the  mtcrvening 
space.  The  spleudid  reraaiDs  of  Palmyra,  Balbeo,  Petra,  exhibit  end- 
less examples  of  this  kind  of  perverse  inventiveness ;  and  show  us,  very 
instructively,  how  the  decay  of  art  and  of  science  alike  accompany 
this  indistinctness  of  ideas  which  we  are  now  endeavoi'lng  to  illustrate. 

4.  Indistinctness  of  Ideas  in  Astronomy. — Eetuming  to  the  sciences, 
it  may  be  supposed,  at  fii-st  siglit,  that,  with  regard  to  astronomy,  we 
have  not  the  same  gi'ound  for  charging  the  stationary  period  with 
iudistinotness  of  ideas  on  that  subject,  since  they  were  able  to  acqnire 
and  verify,  and,  in  some  measure,  to  apply,  the  doctrines  previously 
established.  And,  undoubtedly,  it  must  be  confe^ed  that  men's 
notions  of  the  relations  of  space  and  number  are  never  very  indistinct. 
It  appears  to  be  impossible  for  those  chains  of  elementary  perception 
ever  to  be  much  entangled.  The  later  Greets,  the  Arabians,  and  the 
earliest  modem  astronomers,  mnst  have  conceived  the  hypotheses  of 
the  Ptolemaic  system  with  tolerable  completeness.  And  yet,  we  may 
assert,  tliat  during  the  stationaiy  period,  men  did  not  possess  the 
notions,  even  of  space  and  number,  in  that  vivid  and  vigorous  manner 
which  enables  them  to  discover  new  ti-uths.  If  they  had  perceived 
distinctly  that  the  astronomical  theorist  hSd  merely  to  do  with  relative 
motions,  they  must  have  been  led  to  see  the  possibility,  at  least,  of  the 
Copernican  system;  as  the  Greeks,  at  an  earlier  period,  had  already 
l)erc^ved  it.  We  find  no  trace  of  this.  Indeed,  the  mode  in  which 
the  Arabian  mathematicians  present  the  solutions  of  their  problems,  does 
not  indicate  that  clear  apprehension  of  the  relations  of  space,  and  that 
delight  in  the  contemplation  of  them,  which  the  Greek  geometrical 
speculations  imply.  The  Arabs  are  in  the  hal)it  of  giving  conclusions 
without  demonstrations,  precepts  without  the  investigations  by  which 
they  are  obtdned;  as  if  their  main  object  were  praciical  rather  than 
speculative, — the  calculation  of  residts  I'atlier  than  the  exposition  of 
theory.  Delambre'  has  been  obliged  to  exercise  great  ingenuity,  iu 
order  to  discover  the  method  by  which  Ibn  lounis  proved  his  solution 
of  certain  difficult  problems. 

5.  Indistinctness  of  Ideas  shown  by  Skeptics. — The  same  unsteadi- 
ness of  ideas  which  prevents  men  from  obtaining  clear  views,  and 
steady  and  just  convictions,  on  special  subjects,  may  lead  them  to 
despair  of  or  deny  the  possibility  of  acquiring  certainty  at  all,  and  may 
thns  make  them  skeptics  with  regard  to  all  knowledge.     Such  skeptics 
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ai'e  themselves  men  of  indistiuct  views,  for  they  could  not  otberwiao 
avoid  assenting  fo  the  demonstrated  truths  of  science  ;  and,  so  far  as 
they  may  be  taken  as  specimens  of  their  contemporaries,  they  prove 
that  indistinct  ideas  prevail  in  the  age  in  which  they  appear.  In  the 
stationary  period,  moreover,  the  indeSnite  speculations  and  unprofit- 
able subtleties  of  the  schools  might  further  impel  a  man  of  bold  and 
acuta  mind  to  this  universal  skepticism,  because  they  offered  nothing 
which  could  fix  or  satisfy  him.  And  thus  the  skeptical  spirit  may 
deserve  our  notice  as  indicative  of  the  defects  of  a  system  of  doctrine 
too  feeble  in  demonstration  to  control  such  resistance. 

The  most  remarkable  of  these  philosophical  skeptics  is  Sestus 
Empirieus ;  so  called,  from  his  belonging  to  that  medical  sect  which 
was  termed  the  empirical,  in  contradistinction  to  the  rational  and 
methodical  sects.  His  woria  contain  a  series  of  treatises,  directed 
against  all  the  divisions  of  the  science  of  his  time.  He  has  chapters 
against  the  Geometers,  against  the  Arithmeticians,  against  the  Astrol- 
ogers, against  the  Musicians,  as  well  as  against  Grammarians,  Rhet- 
oricians, and  Logicians ;  and,  in  short,  as  a  modern  writer  has  said,  his 
skepticism  is  employed  as  a  sort;  of  frame-work  which  embraeea  an 
encyclopedical  view  of  human  knowledge.  It  must  be  stated,  how- 
ever, that  his  objections  are  rather  to  the  metaphysical  grounds,  ttan 
to  the  details  of  the  sciences;  he  rather  denies  the  possibility  of  spec- 
ulative truth  in  generaJ,  than  the  experimental  truths  which  had  been 
then  obtained.  Thus  his  objections  to  geometry  and  arithmetic  are 
founded  on  abstract  cavils  concerning  the  nature  of  points,  letters, 
unities,  &c.  And  when  he  comes  to  speat  against  astrology,  ho  says, 
"  I  am  not  going  to  consider  that  perfect  science  which  rests  upon 
geometry  and  arithmetic;  for  I  have  already  shown  the  weakness  of 
those  sciences  :  nor  that  feculty  of  prediction  (of  the  motions  of  the 
heavens)  which  belongs  to  the  pupils  of  Eudoxus,  and  Hipparchus,  and 
the  rest,  which  some  call  Astronomy ;  for  that  is  an  observation  of 
phenomena,  like  agriculture  or  navigation :  but  against  the  Art  of 
Prediction  from  the  time  of  birth,  which  the  Chaldeans  exercise." 
Sexlus,  therefore,  though  a  skeptic  hy  profession,  was  not  insensible  to 
the  difference  between  experimental  knowledge  and  mystical  dogmas, 
though  even  the  former  had  nothing  which  excited  his  admiration. 

The  skepticism  which  denies  the  evidence  of  the  truths  of  which 
the  best  established  physical  sciences  consist,  must  necessarily  involve 
a  very  indistinct  apprehension  of  those  truths ;  for  such  truths,  prop- 
erly exhibited,  contain  their  own  evidence,  and  are  the  best  antidote 
Vol.  I. —13 
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to  this  sltepticism.  But  an  increflulity  ov  coutempt  towards  tlie 
asserted  truths  of  physical  science  may  arise  also  from  the  attention 
being  mMnly  directed  to  the  certainty  and  importance  of  religions 
truths.  A  veneration  for  revealed  religion  may  thus  assume  the  aspect 
of  a  steptfcism  with  regard  to  natural  tnowledge.  Such  appears  to 
be  the  case  with  Algazel  or  Algezeli,  who  is  adduced  by  Degerando' 
as  an  example  of  an  Arabian  skeptic.  Ho  was  a  celebrated  teacher  at 
Bagdad  in  tlie  eleventh  century,  and  he  declared  himself  the  enemy, 
not  only  of  the  mixed  Peripatetic  and  Platonic  philosophy  of  the  time, 
bat  of  Aristotle  himself.  His  work  entitled  The  Destruetions  of  ike 
Philosophers,  is  known  to  ns  by  the  refutation  of  it  which  Averrhoes 
published,  under  the  title  of  Destruction  of  AlgmeVs  DeHruclions  of 
the  Philosophers.  It  appears  that  he  contested  the  fundamental  prin- 
ciples both  of  the  Platonic  and  of  the  Aristotelian  schools,  and  denied 
the  possibility  of  a  known  connection  between  cause  and  effect;  thus 
making  a  prelude,  says  Degerando,  to  the  celebrated  ai'gii mentation  of 

[2d  Ed.]  Since  t)ie  publication  of  my  first  edition,  an  account  of 
Algazel  or  AlgaKZall  and  his  works  has  been  published  under  the  title 
of  JSssai  sur  les  EcoUs  PhUosophiques  chez  Us  Arabes,  et  noiammeni 
sur  la  Doctrine  d''AlffazzaH,  ^ar  Aaga&t  SchmOldevs.  Paris.  1842. 
From  this  book  it  appears  that  Degerando's  account  of  Algazzali  is 
correct,  when  he  says'  that  "his  skepticism  seems  to  have  essentially 
for  its  object  to  destroy  all  systems  of  merely  rational  theology,  in 
order  to  open  an  indefinite  career,  not  only  to  faith  guided  by  revela- 
tion, but  also  to  the  free  exaltation  of  a  mystical  enthusiasm."  It  is 
remarked  by  Dr.  ScbmOlders,  following  M.  de  Hammei'-PnrgstaU,  that 
the  title  of  the  work  referred  to  in  the  text  ought  rather  to  be  Mutval 
Rifulatioti  of  the  Philosophers :  and  that  its  object  is  to  show  that 
Philosophy  consists  of  a  mass  of  systems,  each  of  which  overturns  the 
others.  The  work  of  Algazzali  which  Dr.  Schmolders  has  published. 
On  the  Errors  of  Sects,  dtc,  contains  a  kind  of  autobiographical  ac- 
ix>unt  of  tho  way  in  which  the  author  was  led  to  his  views.  He  does 
not  reject  the  truths  of  science,  but  he  condemns  the  mental  habits 
which  are  caused  by  laying  too  much  stress  upon  science.  Religions 
men,  he  says,  are,  by  such  a  coarse,  led  to  reject  all  science,  even  what 
relates  to  eclipses  of  the  moon  and  sun  ;  and  men  of  science  aie  led 
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6.  Neglect  of  Physical  Reasoning  in  ChrisUndom. — If  the  Arabians, 
who,  daring  the  ages  of  which  we  are  speaking,  were  ttie  most  eminent 
cultivators  of  science,  entertained  only  such  comparatively  feeble  and 
servile  notions  of  its  doctrines,  it  will  easily  be  supposed,  that  in  the 
Christendom  of  that  period,  where  physical  knowledge  was  compara- 
tively neglectfld,  tKere  was  still  less  distinctness  and  vividness  in  the 
prevalent  ideas  on  such  subjects.  Indeed,  during  a  considerable  period 
of  the  history  of  the  Christian  Church,  and  hy  many  of  its  principal 
authorities,  the  study  of  natural  philosophy  was  not  only  disregarded 
but  discommended.  The  great  practical  doctrines  which  were  pre- 
sented to  men's  minds,  and  the  serious  tasks,  of  the  regulalion  of  the 
will  and  affections,  which  religion  impressed  upon  them,  made  inquiries 
of  mere  curiosity  seem  to  be  a  reprehensible  misapplication  of  human 
powers  j'and  many  of  the  fathers  of  the  Church  revived,  in  a  still  more 
peremptory  form,  the  opinion  of  Socrates,  that  the  only  valuable  philoso- 
phy is  that  which  teaches  us  our  moral  duties  and  religious  hopes.' 
Thus  Eusebius  says,'  "It  is  not  through  ignorance  of  the  things  ad- 
mired by  them,  hut  through  contempt  of  their  useless  labor,  that  we 
think  little  of  these  matters,  turning  our  souls  to  the  exercise  of  better 
things,"  "When  the  thoughts  were  thus  intentionally  averted  from 
those  ideas  which  natural  philosophy  involves,  the  ideas  inevitably  be- 
came very  indistinct  in  their  minds ;  and  they  could  not  conceive  that 
any  other  persons  could  find,  on  such  subjects,  grounds  of  clear  con- 
viction and  certainty.  They  heM  the  whole  of  their  philosophy  to  be, 
as  Lactantius'  asserts  it  to  be,  "  empty  and  false."  "  To  search,"  says 
he,  "for  the  causes  of  natural  things;  to  inquire  whether  the  sun  be 
as  large  as  he  seems,  whether  the  moon  is  convex  or  concave,  whether 
the  stars  are  fised  in  the  sfey  or  float  fi-cely  in  the  air;  of  what  size 
and  of  what  material  are  the  heavens;  whether  they  be  at  rest  or  in 
motion ;  what  is  the  magnitude  of  the  earth ;  on  what  foundations  it  is 
suspended  and  balanced ; — to  dispute  and  conjecture  on  sncii  matters, 
is  just  as  if  we  chose  to  discuss  what  we  think  of  a  city  in  a  remote 
country,  of  which  we  never  heard  but  the  name."  It  is  impossible  to 
express  more  forcibly  that  absence  of  any  definite  notions  on  physical 
subjects  which  led  to  this  tone  of  thought. 

7,  Question  of  Antipodes. — With  such  habits  of  thought,  we  are 
not  to  be  surprised  if  the  relations  resulting  from  the  best  established 
theories  were  apprehended  in  an  imperfect  and  incongruous  manner. 

'  Brncker,  iW.  31T.  *  Pra.p.  Eo.  xv.  SI.  '  Iiisl.  1.  iii.  init. 
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We  have  some  remarkable  examples  of  this ;  and  a  very  notable  one 
is  the  celebrated,  question  of  the  existence  of  Antipodes,  or  persons  in- 
habiting the  opposite  side  of  the  globe  of  the  earth,  and  consequently 
having  the  soles  of  their  feet  directly  opposed  to  ours.  The  doctrine 
of  the  globular  form  of  the  earth  results,  as  we  have  seen,  by  a  geomet- 
rical necessity,  from  a  dear  conception  of  the  various  points  of  knowl- 
edge which  we  obtain,  bearing  upon  that  subject.  This  doctrine  was 
held  distinctly  by  the  Greeks ;  it  was  adopted  by  all  astronomei-s, 
Arabian  and  European,  who  followed  them ;  and  was,  in  fact,  an  in- 
evitable part  of  every  system  of  astronomy  which  gave  a  consistent 
and  intelligible  representation  of  phenomena.  But  those  who  did  not 
call  before  their  minds  any  distinct  representation  at  all,  and  who  re- 
ferred the  whole  question  to  other  relations  than  those  of  space,  might 
still  deny  this  doctrine ;  and  they  did  so.  The  existence  of  inhabitants 
on  the  opposite  side  of  the  terraqueous  globe,  wis  a  fact  of  which  ex- 
perience alone  could  teach  the  truth  oi-  falseliood ;  but  the  religious 
relations,  which  extend  alike  to  all  mankind,  were  supposed  to  give 
the  Christiiu  philo-fher  grounds  for  deciding  agiinst  the  possibility 
fh  tm         Lta  nthfuth     ntury,  argues  this 

m  tt  y       y  U    tr  t        f  th  t    mpat   n      of  such  specnla- 

t   ns,      d       seq      t       f  f  th     ght  wh   h        have  mentioned 

Is    t  posa  bl      h       y       thtmn  b  1"      dastbh 

thtth         p        dt  thth         Ifh        -fhlgdw 

wa  d  1  tl  t  n  th  ha  th  f  t  h  gh  th  th  head 
If  y  u  ask  f  th  h  w  th  y  d  f  d  th  n  t  t  — h  w  th  g 
d    n  t  t  11     w  y  f   m  th         th        th  t  s  d  — th  y      ply  th  t  th 

t         t  th    i^  h  th  t  h      y  b  1       t    d  t  ward    th  t 

1  k    th      p  k       f        h    1      h  1    bfeht  bod  1     1      m  k    h 

tellmth  ttaiithh  11     d        NI 

lly    t      1         L  t  to     y    f  th       wh     when  fhey  have  once  gone 
g    t    d  ly  p  th      f  lly       d  defend  one  absurd  opinion 

by        th  It       b  th  t      1        te  the  writer  refused  to  admit 

into  his  thonghts  the  fundamental  conception  of  their  theory,  he  must 
needs  be  at  a  loss  what  to  say  to  their  arguments  without  being  on 
that  account  in  any  degree  convinced  of  their  doctrines. 

In  the  sixth  century,  indeed,  in  the  reign  of  Justinian,  we  find  a 
writer  (Cosmas  Indicopleustes")  who  does  not  rest  in  this  obscurity  of 


1°  Inst.  1.  iii.  £3. 

"  Montfancon,   Colleetio  Nona  Fatram,  x.  ii.  p.  118.     Cosmas  Iiidieopleaslee. 
ChriatJnnotum  Opinionce  da  ilundo,  sive  Topographic  Cliriatiana. 
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representation  ;  but  in  this  case,  the  distinotness  of  his  pictures  only 
serves  to  show  his  want  of  any  clear  conception  aa  to  what  auppoations 
would  explain  the  phenomena.  He  describes  tlie  earth  aa  nn  oblong 
floor,  auiToundod  by  upright  walls,  and  covered  by  a  vault,  below  which 
the  heavenly  bodies  perform  .their  revolutions,  going  round  a  certain 
high  mountain,  which  occupies  the  northern  parta  of  the  earth,  and 
makes  night  by  intercepting  the  light  of  the  sun.  In  Augustin"  {who 
flourished  a.  d.  400)  the  opinion  is  treated  on  otier  grounds ;  and  with- 
out denying  the  globular  form  of  the  earth,  it  is  asserted  that  there  are 
no  inhabitants  on  the  opposite  side,  because  no  snch  race  is  recorded  by 
Scripture  among  the  descendants  of  Adam."  Considerations  of  the 
same  kind  operated  in  the  well-known  instance  of  Tirgil,  Bishop  of 
Salzburg,  in  the  eighth  century.  When  he  was  reported  to  Boniface, 
Archbishop  of  Mentz,  as  holding  the  existence  of  Antipodes,  the  prel- 
ate was  shocked  at  the  assumption,  as  it  scomod  to  him,  of  a  world  of 
human  beings,  out  of  the  reach  of  the  conditions  of  salvation ;  and 
application  was  made  to  Pope  Zachary  for  a  censure  of  the  holder  of 
this  dangerous  doctrine.  It  does  not,  however,  appear  that  this  led  to 
any  severity ;  and  the  story  of  the  deposition  of  Virgil  from  his  bish- 
opric, which  is  circulated  by  Kepler  and  by  more  modern  writers,  is 
undoubtedly  altogether  false.  The  same  scruples  continued  to  prevail 
among  Christian  writers  to  a  later  period ;  and  Tostatus"  notes  the 
opinion  of  the  rotundity  of  the  eartli  as  an  "  unsafe"  doctrine,  only  a 
few  years  before  Columbus  visited  the  other  hemisphere. 

8.  Infellectucd  Condition  of  the  Seligwus  Orders. — It  must  be  rec- 
ollected, however,  that  though  those  were  the  views  and  tenets  of 
many  religious  writers,  and  though  they  may  be  taken  as  indications 
of  the  prevalent  and  characteristic  temper  of  the  times  of  which  we 
speak,  they  never  were  universal.  Such  a  confusion  of  thought  affects 
the  mmds  of  many  persons,  even  in  the  most  enlightened  times ;  and 
m  what  we  call  the  Dark  Ages,  though  clear  views  on  such  subjects 
might  be  more  rare,  those  who  gave  their  minds  to  science,  enter- 
tained the  true  opinion  of  the  figure  of  the  earth.  Thns  Boetbius"  (in 
the  si\th  century)  urges  the  smallness  of  the  globe  of  the  earth,  com- 

"  Otv.  B.  xvi.  9. 

"  It  Bppeara,  liowaver,  thnt  Horiptural  nrgumeata  were  found  oq  the  other  side. 
St.  Jerome  sol's  (C/man.  in  Ewdh.  i.  6),  speukiiig  of  the  two  cheiubims  with  four 
fkoes,  Bean  by  the  prophet,  and  the  interpretation  of  the  vieion;  "Alii  vero  qui 
philosophoruin  atultam  eeqauntiir  sapientiani,  duo  hemiapheria  in  iJuohua  lempli 
cherubim,  noB  et  antipodes,  quasi  supiiios  et  uadentes  homines  suspioantur." 

n  Montfuue.  Fair.  t.  ii.  ■•  Boethiua,  Gont.  il.  pr.  7. 
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pared  witli  the  Loaveus,  as  a  reason  to  repress  onr  love  of  glory.  Tliis 
work,  it  will  be  recollected,  vas  translated  into  the  Anglo-Saxon  by 
our  own  Alfred.  It  was  also  commented  on  by  Bede,  who,  in  what 
he  says  on  this  passage,  assents  to  the  doctrine,  and  shows  an  acquaint- 
ance with  Ptolemy  and  his  commentators,  both  Arabian  and  Greek. 
Gerbert,  in  the  tenth  t  j  w  nt  from  France  to  Spain  to  study 
astronomy  with  th    Ar  I  1   oon  surpassed  his  masters.    He  is 

reported  to  have  f  b  ated  1  ks,  and  an  astrolabe  of  peculiar  con- 
struction. Gerbert  fte  w  1  (  n  the  last  year  of  the  first  thousand 
from  the  birth  of  Chn  t)  b  n  pope,  by  the  name  of  Sylvester  II. 
Among  other  cult  t  f  tli  lences,  some  of  whom,  from  their 
proficiency,  must  ha  p  es  d  w  th  considerable  clearness  and  steadi- 
ness the  elementary  1  n  wh  I  it  depends,  we  may  here  mention, 
after  Montucla,"  Ad  11  Id,  wh  work  Oa  the  Sphere  was  addressed 
to  Pope  Sylvester,  and  whose  geometrical  reasonings  are,  according  to 
Montucla,"  vague  and  chimerical ;  Ilermann  Contractus,  a  m.onk  of 
St.  Gall,  who,  in  1050,  published  astronomical  works ;  William  of 
Hirsaugan,  who  followed  his  example  in  1080;  Robert  of  Lorraine, 
who  was  made  Bishop  of  Hereford  by  William  the  Conqueror,  in  con- 
sequence of  his  astronomical  knowledge.  In  the  next  century,  Adel- 
hard  Goth,  an  Englishman,  travelled  among  the  Arabs  for  purposes  of 
study,  as  Gerbert  had  done  in  the  preceding  age ;  and  on  his  return, 
translated  the  Elements  of  Euclid,  which  he  had  brought  from  Spain 
or  Egypt.  Robert  Grost^te,  Bishop  of  Lincoln,  was  the  author  of  an 
Epitome  on  the  Sphere  ;  Roger  Bacon,  in  his  youth  the  contemporary 
of  Robert,  and  of  his  brother  Adam  Marsh,  praises  very  highly  their 
knowledge  in  mathematics. 

"  And  here,"  says  the  French  historian  of  mathematics,  whom  I 
have  followed  m  the  preceding  relation,  "it  is  impossible  not  to  reflect 
that  all  those  men  who,  if  they  did  not  augment  the  treasure  of  the 
i,  at  least  served  to  transmit  it,  were  monks,  or  had  been  such 
lally.  Convents  were,  during  these  stormy  ages,  the  asylum  of 
s  and  letters.  Without  these  religious  men,  who,  in  the  silence 
of  their  monasteries,  occupied  themselves  in  transcribing,  in  studying, 
and  in  imitating  the  works  of  the  ancients,  well  or  ill,  those  works 
would  have  perished ;  perhaps  not  one  of  them  would  have  come 
down  to  us.  The  thread  which  connects  us  with  the  Greeks  and 
Romans  would  have  been  snapt  asunder ;  the  precious  productions  of 
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ancient  literature  would  no  more  exist  for  us,  than  tte  works,  if  snv 
there  were,  published  before  the  catastrophe  that  annihilated  that 
highly  scientific  nation,  which,  according  to  Bailly,  existed  iu  remote 
ages  ia  the  centre  of  Tartary,  or  at  the  roots  of  Caucasus.  In  the 
sciences  we  should  have  had  all  to  create  ;  and  at  the  moment  when 
the  human  mind  should  have  emerged  from  ita  stupor  and  shaken  off 
its  slumbei's,  we  should  have  been  no  more  advanced  than  the  Greeks 
were  after  the  taking  of  Troy,"  He  adds,  that  this  consideration  in- 
spires feelings  towards  the  religious  orders  very  different  from  those 
which,  when  he  wrote,  were  prevalent  among  his  countrymen. 

Except  so  far  as  their  religious  opinions  interfered,  it  was  natural 
that  men  who  lived  a  life  of  quiet  and  study,  and  were  necessarily  in 
a  great  measure  removed  from  the  absorbing  and  blinding  interests 
with  which  practical  life  occupies  the  thoughts,  should  cultivate  science 
more  successfully  than  others,  precisely  because  their  ideas  on  specu- 
lative subjects  had  time  and  opportunity  to  become  clear  and  steady. 
The  studies  which  were  cultivated  under  the  name  of  the  Seven  Liberal 
Arts,  necessarily  tended  to  favor  this  effect.  The  Trivium,'^  indeed, 
which  consisted  of  Grammar,  Logic,  and  Ehetorie,  had  no  direct  bear- 
ing upon  those  ideas  with  which  physical  science  is  concerned ;  but 
the  Qnadrivmm,  Music,  Arithmetic,  Geometry,  Astronomy,  could  not 
li,e  pursued  with  any  attention,  without  a  corresponding  improvement 
of  the  mind  for  the  purposes  of  sound  knowledge.'^ 

9.  Popular  Opinions. — Thal^  even  in  the  best  intellects,  something 
was  wanting  to  fit  them  for  scientific  progress  and  discovery,is  obvious 
from  the  fact  that  science  was  so  long  absolutely  stationary.  And  I 
have  endeavored  to  show  that  one  part  of  this  deficiency  was  the  want 
of  the  requisite  clearness  and  vigor  of  the  fundamental  scientific  ideas. 
If  these  were  wanting,  even  in  the  most  powerful  and  most  cultivated 
minds,  we  may  easily  conceive  that  still  gi'eater  confusion  and  obscurity 
prevailed  in  the  common  class  of  mankind.  They  actually  adopted 
the  belief,  however  crude  and  inconsistent,  that  the  form  of  the  earth 
and  heavens  really  is  what  at  any  place  it  appears  to  be ;  that  the 
earth  is  flat,  and  the  waters  of  the  sky  sustained  abo\e  a  material  floor, 
through  which  in  showers  they  descend.     Yet  the  true  doctrmea  ot 


"  Eruok,  iii.  597. 

le  Eoger  Bacon,  in  his  f^eeala  Mathemaika,  cap.  i.  saya,  "Harun 
iriJi  et  dnvis  ost  matlienialjca,  quain  s.iiioti  a  prinoipio  nmndi  ui 
Lij  us  negligentia  jam  per  tr-iginta  -eel  qvadragaila  aanos  destriiMt  tc 
atinonun."     I  do  not  know  on  whnt  occaBion  this  neglect  tool,  piac 
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astronomy  appear  to  have  had  some  popular  circulatioB.  For  instance, 
a  French  poem  of  the  time  of  Edward  the  Second,  called  Ymage  du 
Monde,  contains  a  metrical  account  of  the  earth  and  heavens,  accord- 
ing to  the  Ptolemaic  views;  and  in  a  manuscript  of  this  poem,  pre- 
served in  th'b  library  of  the  University  of  Cambridge,  there  are  repre- 
sentations, in  accordance  with  the  toxt,  of  a  spherical  earth,  with  men 
standing  upright  upon  it  on  every  side ;  and  by  way  of  iUusti'ating  the 
tendency  of  all  things  to  the  centre,  pei'forations  of  the  earth,  entirely 
througli  its  mass,  are  described  and  depicted ;  and  figures  are  exhibited 
■dropping  balls  down  cacK  of  these  holes,  so  as  to  meet  in  the  interior. 
And,  as  bearing  upon  tho  perplexity  which  attends  the  motions  of  up 
and  dovm,  when  applied  to  the  globular  earth,  and  the  change  of  tho 
direction  of  gravity  which  would  occur  in  passing  tlie  centre,  the  readers 
of  Dante  will  recollect  the  extraordinary  manner  in  which  tho  poet  and 
his  guide  emerge  from  the  bottom  of  the  abyss ;  and  the  explanation 
which  Virgil  imparts  to  him  of  what  he  there  sees.  Afier  they  have 
crept  tliroiigli  the  aperture  in  which  Lucifer  is  placed,  the  poet  says, 

"  lo  levai  gli  ooohi  o  orcdctH  vedere 
Lnoifero  com'  io  1'  aven  lasciaW, 
E  vidile  le  gambo  in  su  tenero." 

"Queaticomo^fltto 

6i  Bottasopra  ?" 

"  QuRndo  mi  toM,  tn  pasaast'  il  punto 
Al  qntd  ei  traggon  d'  ognl  paits  i  pesi." 

Inferno,  xxxiv. 
,     .    .     .     ,     '*  i  r^eedmine  fljofi, 
Believing  that  I  Ludfer  ehoold  see 
"Wliere  he  was  lately  left,  but  saw  lijni  iioiv 
Wit]i  legs  held  upward."    .... 
"How  atflndeth  he  in  posture  thus  reTflraod?" 

"  Thou  wast  on  the  other  side  so  long  as  I 
Descended ;  when  I  turned,  thou  didst  o'eipasa 
That  point  to  whicli  ftom  every  part  is  dragged 
All  heavy  snbstanoe."  Caet. 

This  is  more  philosophical  than  Milton's  representation,  in  a  more 
scientific  age,  of  Uriel  sliding  to  the  earth  on  a  sunbeam,  and  sliding 
back  again,  when  the  sun  had  sunk  below  the  horizon. 

"  Uriel  to  his  chnrge 

Ecturned  on  that  bright  beam  whoso  point  now  raiaod, 
Bora  Mm  alope  downward  to  the  sun,  now  fallen 
Beneatii  the  Azores,"  Par.  UsC,  B.  iv, 
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The  philosophical  notions  of  up  and  down  are  too  much  at  variance 
with  the  obvious  suggestions  of  our  senses,  to  be  held  steadily  and  justly 
by  nu  d  disciplined  in  science.  Perhaps  it  was  some  misunderstood 
ta   m  n     f  the  curved  surface  of  the  ocean,  which  gave  rise  to  the 

d  f  there  being  a  part  of  the  sea  directly  oyer  the  earth,  from 

wh    h  mes  an   object  has  been  known  to  fall  or  an  anchor  to  be 

d  w  Even  auch.  whimsical  fancies  are  not  without  instniction, 
aod  may  rve  to  show  the  reader  what  that  vagueness  and  obscnrity 
of  ideas  ia,  of  which  I  Lave  been  endeavoring  to  trace  the  prevalence 
in  the  dark  ages. 

We  now  proceed  to  another  of  the  featui'es  which  appears  to  me  to 
mart,  in  a  very  prominent  manner,  the  character  of  the  stationary 


CHAPTEK   II. 

The    COMHBNTATORIAI    SpiElT    OF    THE    MiDDLB    AgES. 


WE  have  already  noticed,  that,  after  the  first  great  achievements  of 
the  founders  of  sound  speculation,  in  the  different  departments 
of  human  knowledge,  had  attracted  the  interest  and  admiration  which 
those  who  became  acquainted  with  them  could  not  but  give  to  them, 
there  appeared  a  disposition  among  men  to  lean  on  the  authority  of 
some  of  these  teachers ; — to  study  the  opinions  of  others  as  the  only 
mode  of  forming  their  own;— to  read  nature  through  boolra; — to  at- 
tend to  what  had  been  already  thought  and  said,  rather  than  to  what 
really  is  and  happens.  This  tendency  of  men's  minds  requires  our 
particular  consideration.  Its  nianifestalions  were  very  important,  and 
highly  charaeteristio  of  the  stationary  period ;  it  gave,  in  a  great  de- 
gree, a  peculiar  bi^  and  direction  to  the  intellectual  activity  of  many 
centuries ;  and  the  kind  of  labor  with  which  speculative  men  were  oc- 
cupied in  consequence  of  this  bias,  took  the  place  of  that  examination 
of  realities  which  must  be  their  employment,  in  order  that  real  knowl- 
edge may  make  any  decided  progress. 

In  some  subjects,  indeed,  as,  fov  instance,  in  the  domains  of  morals, 
poetry,  and  the  arts,  whose  aim  is  the  production  of  beauty,  this  op- 
position between  the  study  of  former  opinion  and  present  reality,  may 
not  be  so  distinct ;  inasmuch  as  it  may  be  said  by  some,  that,  in  these 
subjects,  opinions  are  realities;  that  the  thoughts  and  feelings  which 
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prevail  in  men's  minda  are  the  material  upon  which  we  must  \vork, 
the  particulars  from  which  we  are  to  generalize,  the  instruments  wliieh 
we  are  to  use ;  and  that,  therefore,  to  reject  the  study  of  antiquity,  or 
even  its  autlioiity,  would  be  to  show  ourselves  ignorant  of  the  extent 
and  mutual  bearing  of  the  elemeafs  with  which  we  have  to  deal ; — 
wonld  he  to  cut  asunder  that  which  we  ought  to  unite  into  a  vital 
whole.  Yet  even  in  the  provinces  of  histoiy  and  poetry,  the  poverty 
and  servility  of  men's  minds  during  the  middle  ages,  are  shown  by  in- 
dications so  strong  as  to  be  truly  remarkable ;  for  instance,  in  the 
efforts  of  the  antiquarians  of  almost  every  European  country  to  assim- 
ilate the  early  history  of  their  own  state  to  the  poet's  account  of  the 
foundation  of  Eome,  by  brining  from  the  sack  of  Troy,  Bratus  to 
England,  Bavo  to  Flanders,  and  so  on.  But  however  this  may  be,  our 
business  at  present  is,  to  ti'ace  the  varying  spirit  of  the  physical  philos- 
ophy of  different  ages ;  trusting  that,  hereafter,  this  prefatory  study 
will  enable  us  to  throw  some  light  upon  the  other  parts  of  philosophy. 
And  in  physics  the  case  undoubtedly  was,  that  the  labor  of  observalJOD, 
which  is  one  of  the  two  great  elements  of  the  p  og  ess  ot  kno  vledge, 
was  in  a  great  measure  superseded  by  the  coll  of  on  the  analjsis,  the 
explanation,  of  previous  authors  and  opinions ,  B\pen  nenters  vere  re- 
placed by  commentators  ;  criticism  took  the  pla  e  of  d  t  o  ;  and 
instead  of  great  discoverers  we  bad  learned  men 

1.  Natural  Bias  to  Authority. — It  is  very  ev  dent  tl  at  n  such  a 
bias  of  men's  studies,  there  is  something  very  natural ;  however  strained 
and  technical  this  erudition  may  have  been,  the  propensities  on  which 
it  depends  are  very  general,  and  are  easily  seen.  Deference  to  the  au- 
thority of  thoughtful  and  sagacious  men,  a  disposition  which  men  in 
general  neither  reject  nor  think  they  ought  to  reject  iu  practical  mat- 
ters, naturally  clings  to  them,  even  in  speculation.  It  is  a  satisfaction 
to  us  to  suppose  that  there  are,  or  have  been,  minds  of  transcendent  pow- 
ers, of  wide  and  wise  views,  superior  to  the  common  errors  and  blind- 
ness of  our  nature.  The  pleasure  of  admiration,  and  the  repose  of  con- 
fidence, are  inducements  to  such  a  belief.  There  are  also  other  reasons 
why  we  willingly  believe  that  there  are  in  philosophy  great  teachers, 
so  profound  and  sagacious,  that,  in  order  to  arrive  at  truth,  we  have 
only  to  learn  their  thoughts,  to  understand  their  writings.  There  is  a 
peculiar  interest  which  men  feel  in  dealing  with  the  thoughts  of  their 
feliow-men,  rather  than  with  brute  matter.  Matter  feels  and  excites  no 
sympathies  :  in  seeking  for  mere  laws  of  nature,  there  is  nothing  of 
mental  intercourse  with  the  great  spirits  of  the  paat^  as  there  is  in  stu- 
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dying  Aristotle  or  Plato.  Moreover,  a  large  portion  of  this  employment 
is  of  a  kind  tlie  most  agi'eeable  to  most  speculative  minds ;  it  consists 
in  tracing  tlie  consequences  of  assumed  principles :  it  is  deductive  like 
geometry ;  and  the  principles  of  the  teachers  being  known,  and  being 
undisputed,  the  deduction  and  application  of  their  results  is  an  obvious, 
self-satisfying,  and  inexhaustible  exercise  of  ingenuity. 

These  causes,  and  probably  others,  make  critidsm  and  commentation 
flourish,  when  invention  begins  to  fail,  oppressed  and  bewildered  by 
the  acquisitions  it  has  already  made ;  and  when  the  vigor  and  hope  of 
men's  minds  are  enfeebled  by  civil  and  political  changes.  Accordingly,' 
the  Alexandrian  school  was  eminently  characterized  by  a  spirit  of 
erudition,  of  literary  criticism,  of  interpretation,  of  imitation.  These 
practices,  which  reigned  first  in  their  full  vigor  is  "the  Museum,"  are 
likely  to  be,  at  all  times,  the  leading  propensities  of  similar  academical 
institutions. 

How  natural  it  is  to  select  a  great  writer  as  a  paramount  authority, 
and  to  ascribe  to  him  extraordinary  profundity  and  sagacitj',  we  may 
see,  iu  the  manner  in  which  the  Greeks  looked  upon  Homer;  and  the 
feney  which  delected  in  his  poems  traces  of  the  origin  of  all  aits  and 
sciences,  has,  as  we  know,  fonnd  favor  even  in  modem  times.  To  pass 
over  earlier  instances  of  this  feeling,  we  may  observe,  that  Strabo  begins 
his  Geography  hy  saying  that  he  ^rees  with  Hipparchus,  who  had 
declared  Homer  to  be  the  first  author  of  our  geographical  knowledge ; 
and  he  does  not  confine  tto  application  of  this  assertion  to  the  various 
and  tuiious  topcgriphical  information  which  the  Iliad  and  Odyssey 
contam,  concerning  the  countries  surrounding  the  Mediterranean ;  but 
m  phrases  which,  to  most  persons,  might  appear  the  mere  play  of  a 
poetical  fancy,  or  a  casual  selection  of  circumstances,  he  finds  unques- 
tionable evidence  of  a  connect  knowledge  of  general  geographical 
truths.  Thus,"  when  Homer  speaks  of  tlie  sun  "  lising  from  the  soft 
and  deep-flowing  ocean,"  of  his  "  splendid  blaze  plunging  in  the  ocean ;" 
of  the  northern  constellation 

"  Aloiio  UQwaEhen  by  tho  Ooflan  wavo ;" 

and  of  Jupiter,  "  who  goes  to  the  ocean  to  feast  with  the  blameless 
Ethiopians ;"  Strabo  is  satisfied  from  those  passages  that  Homer  knew 
the  dry  land  to  be  surrounded  with  water :  and  he  r 
manner  with  respect  to  other  points  of  gi 


'  Dogeruudo,  ffist,  des  Syd.  de  PAUos.  iii,  p.  1 
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2.  Character  of  Commentators.^Tbe  spirit  of  commentation,  aa  has 
already  been  suggested,  turns  to  qnestiona  of  taste,  of  metaphysics,  of 
morals,  with  far  more  avidity  than  to  physics.  Accordingly,  critics 
and  grammarians  were  peculiarly  the  growth  of  this  school ;  and, 
thougK  the  commentators  sometimes  chose  works  of  mathematical  or 
physical  science  for  their  subject  (as  Proclus,  who  commented  on 
Euclid's  Geometry,  and  Simplicins,  on  Aristotle's  Physics),  these  com- 
mentaries were,  in  fact,  rather  metaphysical  than  mathematical.  It 
does  not  appear  that  the  commentators  have,  in  any  instance,  illus- 
trated the  author  by  bringing  his  assertions  of  facts  to  the  teat  of 
experiment.  Thus,  when  Simplicius  comments  on  the  passage  con- 
cerning a  vacuum,  which  we  formerly  adduced,  he  notices  the  ail- 
ment which  went  upon  the  ^sertion,  that  a  vessel  full  of  ashes  would 
contain  as  much  water  as  an  empty  vessel;  and  he  mentions  various 
opinions  of  different  authors,  but  no  trial  of  the  fact.  Eudemua  had 
said,  that  the  ashes  contained  something  hot,  as  quiotlime  does,  and 
that  by  means  of  this,  a  part  of  the  water  was  evaporated ;  others 
supposed  the  water  to  be  condensed,  and  so  on.' 

The  Commentator's  professed  object  is  to  explain,  to  enforce,  to 
iUustrate  doctrines  assumed  as  true  He  endeavors  to  adapt  the  work 
on  which  he  employs  himself  to  the  state  of  nformat  on  and  of  opinion 
in  his  own  time ;  to  elucidate  obsc  t  ea  and  techn  colities ;  to  supply 
steps  omitted  in  the  reason  ng  b  t  he  ioes  not  seek  to  obtain  ad- 
ditional truths  or  new  generil  zat  ons  Ha  nnde  takes  only  to  give 
what  is  virtually  contained  in  h  s  author  t  de  clop  but  not  to  create. 
He  is  a  cultivator  of  the  thoughts  of  others :  his  labor  is  not  spent  on 
a  field  of  his  own ;  he  ploughs  hiT-  to  enrich  the  granary  of  another 
man.  Thus  he  does  not  work  as  a  freeman,  but  as  one  in  a  servile 
condition ;  or  rather,  his  is  a  menial,  and  not  a  productive  service : 
his  office  is  to  adorn  the  appearance  of  his  master,  not  to  increase  his 
wealth. 

Yet  though  the  Commentator's  employment  is  thus  subordinate  and 
dependent,  he  is  easily  led  to  attribute  to  it  the  gi'eatest  importance 
and  dignity.  To  elucidate  good  books  is,  indeed,  a  useful  task ;  and 
when  those  who  undertake  this  work  execute  it  well,  it  would  be  most 
unreasonable  to  find  fault  with  them  for  not  doing  more.  But  the 
critic,  long  and  earnestly  employed  on  one  author,  may  easily  under- 
rate the  relative  value  of  other  kinds  of  mental  exertion.     He  may 

s  Simplioius,  p.  110. 
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ascribe  too  large  dimeEsions  to  tHat  which  occupies  the  whole  of  his 
own  field  of  vision.  Thus  he  may  come  to  consider  such  study  as  the 
highest  aim,  and  best  evidenco  of  human  genius.  To  understand 
Aristotle,  or  Plato,  may  appear  to  him  to  comprise  all  that  is  possible 
of  profundity  and  acuteness.  And  when  he  has  travelled  over  a  por- 
tion of  their  domain,  and  satisfied  himself  that  of  this  he  too  is  master, 
he  may  loot  with  complacency  at  the  circuit  he  has  made,  and  speak 
of  it  as  a  labor  of  vast  effort  and  diiSculty,  We  may  quote,  as  an 
expression  of  this  temper,  the  language  of  Sir  Henry  Savile,  in  con- 
cluding a  course  of  lectures  on  Euclid,  delivered  at  Oxford.'  "  By  the 
gi'ace  of  God,  gentlemen  hearers,  I  have  performed  my  promise;  I 
have  redeemed  my  pledge.  I  have  explained,  according  to  my  ability, 
the  definitions,  postulates,  axioms,  and  first  eight  jmypodtims  of  the 
Elements  of  Euclid.  Ilere,  sinking  under  the  weight  of  years,  I  lay 
down  my  art  and  my  instruments." 

We  here  speak  of  the  peculiar  province  of  the  Commentator ;  for 
undoubtedly,  in  many  instances,  a  commentary  on  a  received  author 
has  been  made  the  vehicle  of  conveying  systems  and  doctrines  entirely 
different  from  those  of  the  author  himself;  as,  for  instance,  when  the 
New  Platonista  wrote,  taluug  Plato  for  their  text.  The  labors  of 
learned  men  in  the  stationary  period,  which  came  under  this  descrip- 
tion, belong  to  another  class. 

3.  Oreeh  Commentators  on  Aristotle. — The  commentators  or  dis- 
ciples of  the  great  philosophers  did  not  assume  at  once  their  servile 
character.  At  first  tieir  object  was  to  supply  and  correct,  as  well  as 
to  explain  their  teacher.  Thus  among  the  earlier  commentators  of 
Aristotle,  Theophrastus  invented  five  moods  of  syllogism  in  the  first 
figure,  in  addition  to  the  four  invented  by  Aristotle,  and  stated  with 
additional  accuracy  the  rules  of  hypothetical  syllogisms,  lie  also  not 
only  collected  much  information  concerning  animals,  and  natural 
events,  which  Aristotle  had  omitted,  but  often  difi'ered  with  his  mas- 
ter; as,  for  instance,  concerning  the  saltness  of  the  sea;  this,  which 
the  Stagirite  attributed  to  the  effect  of  the  evaporation  produced  by 
the  sun's  rays,  was  ascribed  by  Theophrastus  to  bods  of  salt  at  the 
bottom.  Porphyry,'  who  flourished  in  the  third  century,  wrote  a  book 
on  the  Predicahlei,  which  was  found  to  be  so  suitable  a  complement 

5  Eiolvi  pEC  Dei  gratiam,  Domim  auditores,  proiiiiHimn  ,  liberivi  fldcm  nieam; 
explieay!  pro  meo  modHlo,  deBintioneB  pctitione"  coinmnnea  sententias,  et  octo 
priores  pmposiiioaet  Ekmentorum  EQclidis  Hip,  annie  fessui,  eycloa  artcmque 
rapoQO.  "  Bnhle  Anit  i  384 
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to  the  Predicaments  ov  Categories  of  Aristotle,  that  it  was  usually 
prefixed  to  that  treatise ;  and  the  two  have  heen  used  as  an  elementary- 
wort  together,  up  to  modern  times.  The  Prcdicables  are  the  five 
steps  which  the  gradations  of  generality  and  particularity  introduce ; — 
gmm,  species,  difemice,  individual,  accident: — tie  Categories  are  the 
ten  heads  under  which  assertions  or  predications  may  be  arranged ; 
— mbsianee,  quantity,  relation,  quality,  place,  time,  position,  habit, 
action,  passion. 

At  a  later  period,  the  Aristotelian  commentators  became  more  ser- 
vile, and  foHowed  the  author  step  by  step,  explaining,  according  to 
their  views,  his  expressions  and  doctrines  ;  often,  indeed,  with  extreme 
prolixity,  expanding  his  clauses  into  sentences,  and  his  sentences  into 
paragraphs.  Alexander  Aphrodisiensis,  who  lived  at  the  end  of  the 
second  century,  is  of  this  class;  "sometimes  useful,"  as  one  of  tlio 
recent  editors  of  Aristotle  says  ;''  "but  by  the  prolixity  of  hia  interpre- 
tation, by  his  perverse  itch  for  himself  discussing  the  argument  ex- 
pounded by  Aristotle,  for  defending  his  opinions,  and  for  refuting  or 
reconciling  those  of  others,  he  rather  obscures  than  enlightens."  At 
various  tunes,  also,  some  of  the  commentators,  and  especially  those  of 
the  Alexandrian  school,  endeavored  to  reconcile,  or  combined  withont 
reconciling,  opposing  doctrines  of  the  great  philosophers  of  the  earlier 
times.  Simplicius,  for  instance,  and,  indeed,  a  great  number  of  the 
Alexandrian  Philosophers,'  as  Alexander,  Ammonius,  and  others,  em- 
ployed themselves  in  the  futile  tast  of  reconcihng  the  doctrines  of  the 
Pythagoreans,  of  the  Eleatics,  of  Plato,  and  of  the  Stoics,  with  those 
of  Aristotle.  Boethius'  entertained  the  design  of  translating  into 
Latin  the  whole  of  Aristotle's  and  Plato's  worts,  and  of  showing  their 
agreement;  a  gigantic  plan,  which  he  never  executed.  Others  em- 
ployed themselves  in  disentangling  the  confusion  which  such  attempts 
produced,  as  John  the  Grammaiian,  sumamed  Philoponns,  "  the  Labor- 
loving  ;"  who,  towards  the  end  of  the  seventh  centnry,  maintaine<l 
that  Aristotle  was  entirely  misunderstood  by  Porphyry  and  Proclws,' 
who  had  pretended  to  incorporate  his  doctrines  into  those  of  the  New 
Platonic  school,  or  even  to  reconcile  him  with  Plato  himself  on  the 
subject ,  of  ideas.  Others,  again,  wrote  Epitomes,  Compounds,  Ab- 
stracts; and  endeavored  to  throw  the  worta  of  the  philosopher  into 
some  simpler  and  more  ohvionslyregidar  form,  as  John  of  Damascus,  in 
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the  middle  of  the  eighth  century,  who  made  abstracts  of  some  of  Aris- 
totle's works,  aud  introduced  the  study  of  tho  author  into  theolo^cal 
education.  These  two  writers  lived  under  tho  patronage  of  the  Arabs  ; 
the  forroer  ws^  favored  by  Amrou,  the  conqueror  of  ^gjpt ;  the  latter 
was  at  first  secretary  to  the  Caliph,  but  afterwards  withdrew  to  a 


At  this  period  the  Arabians  became  the  fosterers  and  patrons  of 
philosophy,  rather  than,  the  Greets.  Justinian  had,  by  an  edict, 
closed  the  school  of  Athens,  the  Jaat  of  the  schools  of  heathen  philos- 
ophy. Leo,  the  Isam'ian,  who  was  a  zealous  Iconoclast,  abolished 
also  the  schools  where  general  knowledge  had  been  taught,  in  com- 
bination with  Christianity,"  yet  the  line  of  the  Aristotelian  commen- 
tators was  continued,  though  feebly,  to  the  later  ^es  of  the  Greet 
empire.  Anna  Comnena"  mentions  a  Eustratus  who  employed  him- 
self upon  the  dialectic  and  moral  treatises,  and  whom  she  does  not 
hesitate  to  elevate  above  the  Stoics  and  Platonists,  for  his  talent  in 
philosophical  disfeussions.  Nicephovus  Elemmydes  wrote  logical  aad 
physical  epitomes  for  tho  use  of  John  Duoas ;  GeorgiB  Pachymerus 
composed  an  epitome  of  the  philosophy  of  Aristotle,  and  a  compend 
of  his  logic ;  Theodore  Mefochytes,  who  was  famous  in  his  time  alike 
for  his  eloquence  and  his  learning,  has  left  a  paraphrase. of  tlie  books 
of  Aristotle  on  Physics,  on  the  Soul,  the  Heavens,"  &c.  Fabricius 
states  that  this  TOtcr  has  a  chapter,  the  object  of  which  is  to  prove, 
that  all  philosophers,  and  Aristotle  and  Plato  in  particular,  have  dis- 
dained the  authority  of  their  predecessors.  He  could  hardly  help 
remarking  in  how  different  a  spirit  philosophy  had  been  pursued  since 
their  time. 

4.  Greek  Commentators  of  Plato  and  others. — I  have  spoken  prin- 
cipally of  the  commentators  of  Aristotle,  for  he  was  the  great  subject 
of  the  commentators  proper ;  and  though  the  name  of  his  rival,  Plato, 
was  graced  by  a  list  of  attendants,  hardly  less  numerous,  these,  the 
Neoplatonists,  as  they  are  called,  had  introduced  new  elements  into 
the  doctrines  of  their  nominal  master,  to  such  an  extent  that  they 
must  be  placed  in  a  different  class.  We  may  observe  here,  however, 
how,  in  this  school  as  in  the  Peripatetic,  the  race  of  commentators 
multiplied  itself.  Porphyry,  who  commented  on  Aristotle,  was  com- 
mented on  by  Ammonius  ;  Plotinus's  Bnneads  were  commented  on  by 
Proclus  and  Dexippus.     Psellus''  tho  eider  was  a  paraphrast  of  Aris- 

"  Deg,  iv.  ISO.    "  lb,  iv.  163.    '"  lb.  iv.  167.    ■=  lb.  iv.  IBS.   "  Deg.  iv,  169. 
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totle ;  Psellus  tho  youngDv,  in  tlie  eleventh  century,  attempted  to 
reatore  the  New  Platonic  school.  The  former  of  these  two  writers 
had  for  his  pupils  two  men,  the  emperor  Leo,  surnamed  the  Philos- 
opher, and  Photius  the  patriarch,  who  exerted  themselves  to  restore 
the  study  of  literature  at  Constantinople.  We  stUl  possess  the  Collec- 
tion of  Extracts  of  Photius,  which,  like  that  of  Stobaus  and  others, 
shows  the  tendency  of  the  age  to  compilations,  abstracfs,  and  epitomes, 
— the  extinction  of  philosophical  vitality. 

6.  Arabian  Oommentalors  of  Aristotle. — The  reader  might  perhaps 
have .  expected,  that  when  the  philosophy  of  the  Greeks  was  carried 
among  a  new  race  of  intellects,  of  a  different  national  character  and 
condition,  tho  train  of  this  aerviie  tradition  would  have  been  broken ; 
that  some  new  thoughts  would  have  started  forth ;  that  some  new  direc- 
tion, some  new  impulse,  would  have  been  given  to  the  search  for  truth. 
It  might  have  been  anticipated  that  we  should  have  had  schools  among 
the  Arabians  which  should  rival  the  Peripatetic,  Academic,  and  Stoic 
among  the  Greets ; — that  they  would  preoccupy  the  ground  on  which 
Copernicus  and  Galileo,  Lavoisier  and  Linnteus,  won  their  fame ; — that 
they  would  make  the  next  gi'eat  steps  itt  the  progressive  sciences. 
Nothing  of  this,  however,  happened.  The  Arabians  cannot  claim,  in 
science  or  philosophy,  any  really  great  names;  they  produced  no  men 
and  no  discoveries  which  have  materially  influenced  the  course  and 
destinies  of  human  knowledge  ;  they  tamely  adopted  the  intellectual 
servitude  of  the  nation  which  they  conquered  by  their  arms ;  they  joined 
themselves  at  once  to  the  string  of  slaves  who  were  draggijig  the  car  of 
Aristotle  and  Plotinus.  Nor,  perhaps,  on  a  little  further  reflection,  shall ' 
we  be  surprised  at  this  want  of  vigor  and  productive  power,  in  this 
period  of  apparent  national  youth.  ThAb  hd  tbe  lly 
prepared  rightly  to  enjoy  and  use  the  t  asn  f  wh  h  th  y  b  m 
possessed.     They  had,  like  most  unciv  1   ed  n  t         be      p  t  ly 

fond  of  their  indigenous  poetry;  their  mag     t      halh  t      d 

but  their  rational  powers  and  speeulat      tend  t  II  t   p  d 

Tbey  received  the  Greek  philosophy      th    t  h  p       d  tl       gh 

those,  gradations  of  ardent  curiosity       1  L  1      f    h        ty 

brightening  into  clearness,  of  doubt  su       d  Itytl    j  j    fd  ry 

by  which  the  Greek  mind  had  been  enl        d  and  1      N     h  d 

the  Arabians  ever  enjoyed,  as  the  Gre  L   h  d  th      d     d     1 
ness,  the  independent  volition,  the  int  lltlfdm  gftm 

the  freedom  of  political  institutions.     Thyhd      tfltthco  tagi 
mental  activity  of  a  small  city, — the    It  h       th    ^  1 
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sympathy  jn  speculative  pursuits  diffused  througli  au  ]Dti:!l]ai,nt  and. 
acute  audience ;  in  short,  they  had  not  had  a  nation  il  education  such 
as  fitted  tho  Greeks  to  be  disciples  of  Plato  and  Hipparchua  Hence 
their  new  hterary  wealth  rather  encumbered  and  enslived,  than  en 
riched  and  strengthened  them  :  in  their  want  of  tnate  for  intellectual 
freedom,  they  were  glad  to  give  themselves  up  to  the  guidance  ot 
Aristotle  and  other  dogmatists.  Their  military  habifs  had  accustomed 
them  to  look  to  a  leader  ;  their  reverence  for  the  book  of  their  law 
had  prepared  them  to  accept  a  philosophical  Koran  ilso  Thus  the 
Arabians,  though  they  never  translated  the  Greek  poetry,  translated, 
and  merely  translated,  the  Greek  philosophy  ;  they  IjUowed  the  Gr  ek 
philosophers  without  deviation,  or,  at  least,  without  any  philosophical 
deviations.  They  became  for  the  moat  part  Aristotelians ; — studied 
not  only  Aristotle,  but  the  commentators  of  Aristotle;  and  themselves 
swelled  the  vast  and  unprofitable  herd. 

The  philosophical  works  of  Aristotle  had,  in  some  measure,  made. 
their  way  in  the  East,  before  the  growth  of  the  Saracen  power.  In 
tho  sixth  century,  a  Syrian,  Uranus,"  encouraged  by  the  love  of  phi- 
losophy manifested  by  Cosroes,  had  translated  some  of  the  writings 
of  the  Stagirite;  about  the  same  time,  Sergius  had  given  some  trans- 
lations in  Syriac.  In  the  seventh  century  Ja  ol  f  Ed  sa  translated 
int«  this  language  the  Dialectics,  and  add  1  H"  t  t  the  wort.  Such 
labors  became  numerous ;  and  tho  first  A  al  transl  t  ns  of  Aristotle 
were  formed  upon  these  Persian  or  Syrii  t  t  In  tl  succession  of 
ti'ansfiisions,  some  mistakes  must  inevitably  h     e  be  n         oduced. 

The  Arabian  interpreters  of  Aristotle  1  ke  a  la  ge  }  rtion  of  tlie 
Alexandrian  ones,  gave  to  the  philosopher  a  tinge  of  opmions  borrowed 
from  another  source,  of  which  I  shall  have  to  apeak  under  the  head  of 
Mystidsm.  But  they  are,  for  the  most  part,  sufficiently  strong  exam- 
ples of  the  peculiar  spirit  of  commentation,  to  make  it  fitting  to  notice 
them  here.  At  the  head  of  them  stands'^  Alkindi,  who  appears  to  have 
lived  at  the  court  of  Almamon,  and  who  wrote  commentaries  on  the 
Oi^non  of  Aristotle.  But  Alfarabi  was  the  glory  of  the  school  of 
Bagdad ;  his  knowledge  included  mathematics,  astronomy,  medicine, 
and  philosophy.  Born  in  an  elevated  rank,  and  possessed  of  a  rich 
patrimony,  he  led  an  austere  life,  and  devoted  himself  altogether  to 
study  and  meditation.  He  employed  himself  particularly  in  unfolding 
the  import  of  Aristotle's  treatise  On  the  Soul."     Avicenna  (Ebn  Sina) 
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was  at  oiico  the  Hippocrates  and  tlie  Aristotle  of  tlie  Arabians ;  and 
certaJDly  tho  most  extraordinary  man  that  the  nation  produced.  In  the 
course  of  an  unfortunate  and  stormy  life,  occupied  by  politics  and  by 
pleasui'es,  he  produced  worts  which  were  long  revered  as  a  sort  of  code 
of  science.  In  particular,  his  writings  on  medicine,  though  they  contain 
little  besides  a  compilation  of  Hippocrates  and  Galen,  took  tho  place  of 
both,  even  in  tho  universities  of  Europe ;  and  were  studied  as  models 
at  Paris  and  Montpelier,  till  the  end  of  the  seventeenth  century,  at 
which  period  they  fell  into  an  almost  complete  oblivion.  Avicenna  is 
conceived,  by  some  modern  writers,"  to  have  shown  some  power  of 
original  thinking  in  his  representations  of  the  Aristotelian  Logic  and 
Metaphysics.  Averroea  (Ebn  Eoshd)  of  Cordova,  was  the  most  illus- 
trious of  the  Spanish  Aristotelians,  and  became  the  guide  of  the  school- 
men," being  placed  by  them  on  a  level  with  Aristotle  himself,  or  above 
him.  He  translated  Aristotle  from  the  first  Syriac  version,  not  being 
able  to  read  the  Greek  text.  He  aspired  to,  and  retained  for  centuries, 
the  title  of  the  Commentator;  and  he  deserves  this  title  by  the  servil- 
ity with  which  he  maintains  that  Aristotle*'  carried  the  sciences  to  the 
highest  possible  degree,  measured  their  whole  extent,  and  fixed  their 
ultimate  and  permanent  boundaries ;  although  his  worts  ace  conceived 
U>  exhibit  a  trace  of  the  Kew  Platonism.  Some  of  his  writings  are 
directed  against  an  Arabian  skeptic,  of  the  name  of  Algazel,  whom  we 
have  already  noticed. 

"When  the  schoolmen  had  adopted  the  supremacy  of  Aristotle  to  the 
extent  ia  which  Averroes  maintained  it,  their  philosophy  went  further 
than  a  system  of  mere  commentation,  and  became  a  system  of  dogmar 
tism  ;  we  must,  therefore,  in  another  chapter,  say  a  few  words  more  of 
the  Aristotelians  in  this  point  of  view,  before  we  proceed  to  the  revival 
of  science ;  bnt  we  must  previously  consider  some  other  features  in  the 
character  of  the  Stationary  Period. 

IS  Deg.  iv.  208.       "  lb.  iv.  24T.    Averroea  died  a.  b.  1206.       ■"  lb.  iv.  2*8. 
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CHAPTEK  ni. 
Of  the  Mysticism  of  tub  Middle  Aasa. 

IT  has  beeu  already  several  times  Linted,  that  a  new  and  peculiar 
element  was  introduced  into  the  Greek  philosophy  which  occupied 
the  attention  of  the  Alexandrian  school ;  and  that  this  element  tinged 
a  ]ai^9  portion  of  the  speculations  of  succeeding  ages.    We  may  speak 
of  this  peculiar  element  as  Mysticism;  for,  from  the  notion  usually 
J  1  by  th     t         th  1         11    Tt,  jy    pp    h    d  th  1 

h  t  fih  t  1  y  w  1  k  f  1  p  II3  h  h  es 
tsfttpotadt  i-jtsTh  telff        g 

th  f      t  th        t       1  w    Id  t      p  d  t  m    t  hi 

ti  d       u,  t        m        tt  mpt  d  to       1  h  rr 

Ipfldprs  ilt  llpl  thy 

f      dthmt       p  tellg  t    th    1  a;     1       dt         tojast 

dft  ts       Ihmlwldttte      fmd      dflgs 

t    th  tu         t  fe      ^7  myth  I  g,_         d  1  (,y      \  d 

ttius  their  physical  Science  became  Magic,  tteir  Astronomy  became  As- 
trology, the  study  of  the  Composition  of  bodies  became  Alchemy, 
Mathematics  became  the  contemplati<in  of  the  Spiritual  Eelations  of 
number  and  figure,  and  Philosophy  became  Tlieosophy. 

The  examination  of  ttis  feature  in  the  history  of  the  ioman  mind 
is  important  for  us,  in  consequence  of  its  influence  upon  the  employ- 
ments and  the  thoughts  of  the  times  now  under  our  notice.  This 
tendency  materially  affected  both  mpn's  speculations  and  their  labors 
in  the  pursuit  of  knowledge.  By  its  direct  operation,  it  gave  rise  to 
the  newer  Platonic  philosophy  among  the  Greeks,  and  to  corr^pond- 
ing  doctrines  among  the  Arabians ;  and  by  calling  into  a  prominent 
place  astrology,  alchemy,  and  magic,  it  long  occupied  most  of  the  real 
observers  of  the  material  world.  In  this  manner  it  delayed  and  im- 
peded the  progress  of  true  science ;  for  we  shall  see  reason  to  believe 
that  human  knowledge  lost  more  by  the  perversion  of  men's  minds 
and  the  misdirection  of  their  efforts,  than  it  gained  by  any  increase  of 
zeal  arising  from  the  pecuhar  hopes  and  objects  of  the  mystics. 

It  is  not  our  purpose  to  attempt  any  general  view  of  the  progress 
and  fortunes  of  the  various  forms  of  Mystical  Philosophy ;  but  only 
to  exhibit  some  of  its  charactei's,  in  so  far  as  they  illustrate  those 
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tendencies  of  tliought  wliicli  accompanied  tto  retrogradation  of  induc- 
tive ecience.  And  of  tliese,  tba  leading  feature  whicli  dcmanda  ovir 
notice  is  that  already  allnded  to;  namely,  the  practice  of  referring 
things  and  events,  not  to  clear  and  distinct  relations,  obyiously  appli- 
cable to  such  cases ; — not  to  general  rules  capable  of  direct  verifica- 
tion ;  but  to  notions  vague,  distant,  and  vast^  which  we  cannot  bring 
into  contact  witii  facts,  because  tbey  belong  to  a  different  region  from 
the  facts ;  as  when  we  connect  natural  events  with  moral  or  historical 
causes,  or  seek  spiritual  meanings  in  the  properties  of  number  and 
figure.  Thus  the  character  of  Mysticism  is,  that  it  refers  particulars, 
not  to  generalizations  homogeneous  and  immediate,  but  to  such  as  are 
heterogeneous  and  remote ;  to  which  we  must  add,  tKat  the  process  of 
this  reference  is  not  a  calm  act  of  the  intellect,  but  is  accompanied 
with  a  glow  of  enthusiastic  feeling. 

1.  NeoplaUmic  Theosophy. — The  Newer  Plaionism.  is  the  first  ex- 
ample of  this  Mystical  Philosophy  which  I  shall  consider.  The  main 
points  wbicii  hero  require  our  notice  are  the  ioctrine  of  an  Intel- 
.  iectual  World  resulting  from  the  act  of  the  Divme  Mmd  ns  the  only 
reality ;  and  the  aspiration  after  the  union  ot  the  buman  soul  with 
this  Divine  Mind,  as  the  object  of  human  ix  sttnce  The  Ideas"  of 
Plato  were  Forma  of  our  knowledge  b  t  among  the  Keoplatonists 
they  became  really  existing,  indeed  the  only  really  existinff  Objects; 
and  the  inaccessible  scheme  of  the  univeise  wbith  these  ide'w  consti- 
tute, was  offered  as  the  great  subject  cf  philosophical  contemplation. 
The  desire  of  the  human  mind  to  approach  towards  its  Creator  and 
Preserver,  and  to  obtain  a  spiritual  access  to  Him  leads  to  an  employ 
ment  of  the  thongits  which  is  well  worth  th  t  ee  f  th  1  g 
philosopher ;  but  such  an  effort,  even  when  fo     d  1  1  ti  1 

well-  regulated,  is  not  a  means  of  advance  in  j  hy  d  wb       t 

the  mere  result  of  natural  enthusiasm,  it  m  j         ly    bt>  b 

place  in  men's  minds  as  to  unfit  them  for  the  ssf  I  p    se    t        f 

natural  philosophy.     The  temper,  therefore,     1    h      t    d  h 

supernatural  communion  into  the  generid  cc  f   t      p      1  t 

may  be  properly  treated  as  mystical,  and  as  t  th  f  tl 

decline  of  science  in  the  Stationary  Period.  The  Neoplatomc  philoso- 
phy requires  our  notice  as  one  of  the  most  remarkable  forms  of  this 
Mysticism. 

Though  Ammonius  Saccas,  who  flourished  at  the  end  of  the  second 
century,  is  looked  upon  as  the  beginner  of  the  Neoplatonists,  his  disci- 
ple Plotinus  is,  in  reality,  the  great  founder  of  the  school,  both  hy  his 
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works,  wliidi  atill  remaiu  to  us,  and  by  the  enthusiasm  which  his  char- 
acter and  manners  inspired  among  liis  followers.  Ho  lived  a  life  of 
meditation,  gentleness,  and  self-denial,  and  died  in  the  second  year  of 
the  rei^  of  Claudius  (a.  »,  270).  Hia  disciple,  Porphyry,  has  given 
us  a  Life  oE  him,  from  which  we  may  see  how  wellhis  habitual  manners 
were  suited  to  mate  his  doctrines  impressive,  "  Plotinus,  the  philoso- 
pher of  onr  time,"  Porphyry  thus  begins  hiabiography,  "  appeared  like 
a  person  asLamed  that  he  was  in  the  body.  In  consequence  of  this 
disposition,  he  could  not  bear  to  talk  concerning  his  family,  or  his 
parents,  or  his  country.  He  would  not  allow  himself  to  be  represented 
by  a  painter  or  statuary  ;  and  once,  when  Aurelius  entreated  hint  to 
permit  a  likeness  of  him  fo  be  taken,  he  said,  '  Is  it  not  enough  for 
us  to  carry  this  image  in  which  nature  has  inclosed  us,  but  we  must 
also  try  to  leave  a  more  durable  image  of  this  image,  as  if  it  were  so 
great  a  sight  ?'  And  he  retfuned  the  same  temper  to  tlie  last.  When 
he  was  dying,  he  said,  'I  am  trying  to  bring  the  divinity  which  is  in  us 
to  the  divinity  which  isinthe  universe.'"  He  was  looked  upon  by  his 
successors  with  extraordinary  admiration  and  reverence ;  and  his  disci- 
ple Porphyry  collected  from  bis  lips,  or  from  fragmental  notes,  the  sis 
Eimeads  of  his  doctrines  (that  is,  parts  each  consisting  of  nine  Books), 
which  he  arranged  and  annotated. 

"We  have  no  difficulty  in  finding  in  this  remarkable  work  examples 
of  mystical  speculation.  The  Intelligible  World  of  realities  or  essences 
corresponds  to  the  world  of  sense'  in  the  classes  of  things  which  it  in- 
cludes. To  the  Intelligible  World,  man's  mind  ascends,  by  a  triple 
road  which  Plotinus  figuratively  calls  that  of  the  Musician,  the  Lover, 
the  Philosopher.'  The  activity  of  the  human  soul  is  identified  by 
analogy  with  the  motion  of  the  heavens.  "This  activity  is  about  a 
middle  point,  and  thus  it  is  circular ;  but  a  middle  point  is  not  the 
same  in  body  and  iu  the  soul :  in  that,  the  middle  point  is  local;  in 
this,  it  is  that  on  which  the  rest  depends.  There  is,  however,  an 
analogy ;  for  as  in  one  case,  so  in  the  other,  there  must  he  a  middle 
point,  and  as  the  sphere  revolves  about  its  centre,  the  soul  revolves 
about  God  through  its  affections." 

The  conclusion  of  the  work  is,'  as  might  be  supposed,  upon  the  ap- 
proach to,  union  with,  and  fruition  of  God.  The  author  refers  again 
to  the  analogy  between  the  movements  of  the  soul  and  those  of  the 
"  We  move  round  him  like  a  choral  dance  ;  even  when  we 

i.  Ennead,  iii.  1.  ~-  ii.  E.  ii.  3.  ^  vi.  Eiin.  ix.  S. 
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look  from  bim  we  revolve  about  liim  ;  we  do  not  always  look  at  hitn, 
but  when  wo  do,  we  bave  satisfaction  and  rest,  and  tlie  barmony  wbicb 
belongs  to  that  dime  movement.  In  this  movemenl^  the  mind  be- 
holds the  fountain  of  life,  the  fountain  of  mind,  the  origin  of  being,  the 
cause  of  good,  the  root  of  the  soul.'"  "  There  will  be  a  time  when  this 
vision  shall  be  continual ;  the  mind  being  n     c  trritdn 

suffering  any  perturbation  from  the  body.    Y  t  that     h  h  hel   Id 
not  that  which  is  disturbed  ;  and  when  this  n     n  b      m      d  m    t 
does  not  obscure  the  knowledge  which  reside     nlm      tatnad 
faith,  and  reasoning ;  but  the  vision  itself  isnt      as      Itgete 
than  reason,  and  before  reason.'" 

The  fifth  book  of  the  third  Ennead  has  for  its  subject  the  Diemou 
which  belongs  to  each  man.  It  is  entitled  "Concerning  Love;"  and 
the  doctrine  appears  to  be,  that  the  Love,  or  common  source  of  the 
passions  which  is  in  each  man's  mind,  is  "the  Diemon  which  they  say 
accompanies  each  roan."'  These  dEemons  were,  however  {at  least  by 
later  writers),  invested  with  a  visible  aspect  and  witii  a  personal  char- 
acter, including  a  resemblance  of  human  passions  and  motives.  It  is 
curious  thus  to  see  au  untenable  and  visionary  generalization  falling 
back  into  the  domsun  of  the  senses  and  the  fancy,  after  a  vain  attempt 
to  support  itself  in  the  region  of  the  reason.  This  imagination  soon 
produced  pret«naons  to  the  power  of  making  these  dtemons  oi  genu 
visible ;  and  the  Treatise  on  the  Mysteries  of  the  Egyptians,  which  is 
attributed  to  lamblichua,  gives  an  account  of  the  secret  ceremonies, 
the  mysterious  words,  the  sacrifices  and  expiations,  by  whioh  thja  was 
to  be  done. 

It  is  unnecessary  for  us  to  dwell  on  the  progress  of  this  school;  to 
point  out  the  growth  of  the  Tbeurgy  which  thus  arose ;  or  to  describe 
the  attempts  to  claim  a  high  antiquity  for  this  system,  and  to  make 
Orpheus,  the  poet,  the  first  promulgator  of  its  doctrines.  The  system, 
like  all  mystical  systems,  assumed  the  ohai'acter  rather  of  religion  than 
of  a  theory.  The  opinions  of  its  disciples  materially  influenced  their 
lives.  It  gave  tLe  world  the  spectacle  of  an  austere  morality,  a  devo- 
tional exaltation,  combined  with  the  grossest  superstitions  of  Paganism. 
The  successors  of  lamblichus  appeared  rather  to  hold  a  priesthood, 
than  the  chair  of  a  philosophical  school,'  They  were  persecuted  by 
Constantine  and  Constantius,  as  opponents  of  Christianity.     Sopater,  a 

'  Ti.  Enn.  ix.  9.       "  vi.  Enn.  is.  10.         =  Ficlnns,  Oomm.  la.  v.  Ean.  ill. 
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Sjriaa  pLilosopher  of  this  school,  was  beheaded  by  the  former  empe- 
ror on  a  charge  that  he  had  bound  the  winds  by  the  power  of  magic' 
But  Julian,  who  shortly  after  succeeded  to  the  purple,  embraced  with 
ardor  the  opinions  of  lamhlichus.  Proclus  (who  died  a.  n.  487)  was 
one  of  the  greatest  of  the  teachers  of  this  school ;'  and  was,  both  in  bis 
life  and  doctrines,  a  worthy  successor  of  Plotimis,  Porphyry,  and  lam- 
hlichus. We  possess  a  hit^aphy,  or  rather  a  panegyric  of  him,  by  his 
disciple  Marinua,  in  which  he  is  exhibited  as  a  representation  of  the 
ideal  perfection  of  the  philosophic  character,  according  to  the  views  of 
the  Neoplatonisfa.  His  virtues  are  arranged  as  phyfiical,  moral,  puri- 
ficatory, theoretic,  and  theurgic.  Even  in  his  boyhood,  Apollo  and 
Minerva  visited  him  in  his  dreams  :  he  studied  oratory  at  Alexandria, 
but  it  was  at  Athens  that  Plutarch  and  Lysianus  initiated  him  in  the 
mysteries  of  the  New  Platonists.  He  received  a  kind  of  consecration 
at  the  hands  of  the  daughter  of  Plutarch,  the  celebrated  Asclepigenia, 
who  introduced  him  to  the  traditions  of  the  Chaldeans,  and  the  prac- 
tices of  theurgy;  he  was  also  admitted  to  the  mysteries  of  Eleusis,  He 
became  celebrated  for  his  knowledge  and  eloquence;  but  especially  for 
his  skill  in  the  supernatural  arts  which  were  connected  with  the  doc- 
trines of  his  sect.  He  appears  before  us  rather  sh  a  hierophant  than  a 
philosopher.  A  large  portion  of  his  life  was  spent  in  evocations,  puri- 
fications, fastings,  prayers,  hymns,  intercourse  with  apparitions,  and 
■with  the  gods,  and  in  the  celebration  of  tie  festivals  of  Paganism,  es- 
pecially those  which  were  held  in  honor  of  the  Mother  of  the  Gods. 
His  religious  admiration  extended  to  all  forms  of  mythology.  The 
philosopher,  said  he,  is  not  the  priest  of  a  single  religion,  but  of  all  the 
religions  of  the  world.  Accordingly,  he  composed  hymns  in  honor  of 
all  the  divinities  of  Greece,  Kome,  Egypt,  Arabia; — Christianity  alone 
was  excluded  from  his  favor. 

The  reader  will  find  an  interesting  view  of  the  School  of  Alexandria, 
in  M.  Barthelemy  Saint^Hilaire's  BappoH  ou  the  Minrnres  sent  to  tiie 
Academy  of  Moral  and  Political  Sciences  at  Paris,  ia  consequence  of 
its  having,  in  1841,  proposed  this  as  the  subject  of  a  prize,  which  was 
awarded  in  1844.  M.  Saint-Hilaire  has  prefixed  to  this  i?apj50j-(  a  dis- 
sertation on  the  Mysticism  of  that  school.  He,  however,  uses  the  term 
MysUciam  in  a  wider  sense  than  my  purpose,  which  regarded  mainly 
the  beariEg  of  the  doctrines  of  this  school  upon  the  progress  of  the 
Inductive  Sciences,  has  led  mo  to  do.     Although  he  finds  much  to  ad- 
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mire  in  the  Aleiaadrian  philosophy,  he  deolacea  that  they  were  incapa- 
ble of  treating  scientific  questions.  The  extent  to  which  this  is  true  is 
well  illustrated  by  the  extract  which  he  gives  from  Plotinus,  on  the 
question,  "  Why  objects  appear  smaller  in  proportion  as  thej  ate  more 
distant."  Plotinus  denies  that  the  reason  of  this  is  that  the  angles  of 
vision  become  smaller.  His  reason  for  this  denial  is  curious  enough. 
If  it  were  so,  he  says,  how  could  the  heaven  appear  smaller  than  it  is, 
since  it  occupies  the  whole  of  the  visual  angle  ! 

2.  Mistical  Arithmetic. — It  is  unnecessary  farther  to  exemphfy, 
from  Proclus,  the  general  mystical  character  of  the  school  and  time  to 
which  he  belonged  ;  but  wc  may  notice  more  specially  one  of  the  forms 
of  this  mysticism,  which  very  frequently  offers  itself  to  our  notice,  es- 
pecially in  him ;  and  which  we  may  call  Mystical  Arithmetic.  Lite 
all  the  kinds  of  Mysticism,  this  consists  in  the  attempt  to  connect  our 
conceptions  of  external  objects  by  general  and  inappropriate  notions  of 
goodness,  perfection,  and  relation  to  the  divine  essence  and  govern- 
ment ;  instead  of  referring  such  conceptions  to  those  appropriate  ideas, 
which,  by  due  attention,  become  perfectly  distinct,  and  capable  of  be- 
ing positively  applied  and  verified.  The  subject  which  s  thus  dealt 
with,  in  the  doctrine's  of  which  we  now  speaL  li  N  n  ber  a  notion 
which  tempts  men  into  these  visionary  speculat  ons  n  n  e  naturally 
than  any  other.  For  number  is  really  applicatlo  t  n  ral  n  t  ons — to 
emotions  and  feelings,  and  to  their  objects — as  veil  t  to  the  things  of 
the  material  worid.  Moreover,  by  the  discovery  of  the  principle  of 
musical  concords,  it  had  been  found,  probably  most  unexpectedly,  that 
numerical  relarions  were  closely  connected  with  sounds  which  could 
hardly  be  distinguished  from  the  expression  of  thought  and  feeling  ; 
and  a  suspicion  might  easily  arise,  that  the  universe,  both  of  matter  and 
of  thought,  might  contain  many  general  and  abstract  truths  of  some 
analogous  kind.  The  relations  of  number  have  so  wide  a  bearing,  that 
the  ramifications  of  such  a  suspicion  could  not  easily  be  exhausted, 
supposing  rsiQ.'a.  wiDing  to  follow  them  into  darkness  and  vagueness ; 
which  it  is  precisely  the  mystical  tendency  to  do.  Accordingly,  this 
kind  of  speculation  appeared  very  eai'ly,  and  showed  itself  first  among 
the  Pythagoreans,  as  we  might  have  expected,  from  the  attention  which 
they  gave  to  the  theory  of  harmony :  and  this,  as  well  as  some  other  of 
the  doctrines  of  the  Pythagorean  philosophy,  was  adopted  by  the  later 
Platonists,  and,  indeed,  by  Plato  himself,  whose  speculations  concern- 
ing number  have  decidedly  a  mystical  character.  The  mere  mathe- 
matical relations  of  numbers, — as  odd  and  even,  perfect  and  imperfect. 
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abundant  and  ilefective, — were,  by  a  willing  submission  to  an  enthu- 
siastic bias,  connected  with  the  notions  of  good  and  beauty,  which 
were  suggested  by  the  terms  expressing  their  relations;  and  principles 
resulting  from  such  a  conaeetion  were  woven  into  a  wide  and  complex 
system.  It  is  not  necessary  to  dwell  long  on  this  subject ;  the  mere 
titles  of  the  works  which  treated  of  it  show  its  nature.  Archytas'"  is 
said  to  have  written  a  treatise  on  the  number  ten :  TelaugS,  the  daugh- 
ter of  Pythagoras,  wrote  on  the  number /owr.  This  number,  indeed, 
which  was  known  by  the  name  of  the  Tetmctys,  was  very  celebrated  in 
the  school  of  Pythagoras.  It  is  mentioned  in  the  "  Golden  Verses," 
which  are  ascribed  to  him  :  the  pupil  is  conjured  to  be  virtuous, 

NnX  ftA  Tbv  ificr/pf  "fuj^S  TtapaMvra  TtTpoKrfJti 


In  Plato's  works,  we  have  evidence  of  a  similar  belie 
relations  of  Number ;  and  in  the  new  Platonists,  thi?  doctrine  was  es- 
tablished as  a  system.  Proclus,  of  whom  we  ha^e  been  speaking, 
founds  his  philosophy,  in  a  great  measure,  on  the  lelation  of  Unity  and 
Multiple ;  from  this,  he  is  led  to  represent  the  causality  of  the  Divine 
Mind  by  three  Triads  of  abstractions ;  and  in  the  de¥e!opment  of  one 
part  of  this  system,  the  number  seven  is  introduced."  "  The  intelligi- 
ble and  intellectual  gods  prodnce  all  things  triadically  ;  for  the  monads 
in  these  latter  are  divided  according  to  number;  and  what  the  monad 
was  in  the  former,  the  number  is  in  these  latter.  And  the  intellectual 
gods  produce  all  things  hebdomically ;  for  they  evolve  the  intelligible, 
and  at  the  same  time  intellectual  triads,  iulo  intellectual  hebdomads, 
and  expand  their  contracted  powers  into  intellectual  variety."  Seven 
is  what  is  called  by  arithmeticians  a  prime  number,  that  is,  it  cannot 
be  produced  by  the  multiplication  of  other  numbers.  In  the  language 
of  the  New  Platonists,  the  number  seven  is  said  to  be  a  virgin,  and 
without  a  mother,  and  it  is  therefore  sacred  to  Minerva.  The  number 
six  is  a  perfect  number,  and  is  consecrated  to  Venus. 

The  relations  of  space  were  dealt  with  in  like  manner,  the  Geomet- 
rical properties  being  associated  with  such  physical  and  metaphysical 
notions  as  vague  thought  and  lively  feeling  could  anyhow  connect 
with  them.     We  may  consider,  as  an  example  of  this,"  Plato's  opinion 

"  Mont,  ii,  IfiS.  11  I'rool.  v.  3,  Taylor's  traiislaUon.  is  Stanley,  Hist  Phil 
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coccerning  the  particles  of  tlie  four  elements.  He  gave  to  eacli  kind 
of  particle  one  of  the  five  regular  Bolids,  about  which  the  geometrical 
speeuIatioHs  of  himself  and  his  pupils  had  been  employed.  The  parti- 
cles of  fire  were  pyramids,  because  they  are  shai'p,  and  tend  upwards ; 
those  of  earth  are  cubes,  because  they  are  stable,  and  fill  space  ;  the 
particles  of  air  are  octahedral,  as  most  nearly  resembling  those  of  Are ; 
those  of  wafer  are  the  ieositetrahodron,  as  most  nearly  spherical.  The 
dodecahedron  is  the  figure  of  the  element  of  the  heavens,  and  shows 
its  influence  in  other  things,  as  in  the  twelve  signs  of  the  zodiac.  In 
such  examples  we  see  how  loosely  space  and  number  are  combined  or 
confounded  by  these  mystical  visionaries. 

These  riumerical  dreams  of  ancient  philosophers  have  been  imitated 
by  modern  writers ;  for  instance,  by  Peter  Bungo  and  Eircher,  who 
have  written  De  Mystoriis  N'umerorum.  Bungo  treats  of  the  mystical 
properties  of  each  of  the  numb  n  n  1  t  great  length.  And  such 
speculations  have  influenced  a  t  n  m  1  th  ories.  In  the  first  edition 
of  the  Alphonsine  Tables,"  th  j  ss  n  was  represented  by  making 
the  first  point  of  Aries  mo  nap  nod  of  7000  years,  through  a 
circle  of  which  the  radius     a     18  d  g  while  the  circle  moved 

round  the  ecliptic  in  49,000  y  a  ,  a  d  these  numbers,  7000  and 
49,000,  were  chosen  probably  by  Jewish  calculators,  or  with  reference 
to  Jewish  Sabbatarian  notions. 

3.  Astrology. — Of  all  the  forms  which  mystdeism  assumed,  none  was 
cultivated  more  assiduously  than  astrology.  Although  this  art  pre- 
vailed raost  universally  and  powerfully  during  the  stationaiy  period, 
its  existence,  even  as  a  detailed  technical  system,  goes  back  to  a  very 
early  age.  It  probably  had  its  origin  in  the  East ;  it  is  universally 
ascribed  to  the  Babylonians  and  Chaldeans ;  the  name  Chaldean  was, 
at  Home,  synonymous  with  malkemalicus,  or  astrologer ;  and  we  read 
repeatedly  that  this  class  of  persons  were  expelled  from  Italy  by  a  de- 
cree of  the  senate,  both  during  the  times  of  the  republic  and  of  t|ie  em- 
pire." The  recurrence  of  this  act  of  legislation  shows  that  it  was  not 
efiectual:  "It  is  a  class  of  men,"  says  Taeitus,  "which,  in  our  city, 
will  always  be  prohibited,  and  will  always  exist."  In  Greece,  it  does 
not  appear  that  the  state  showed  any  hostility  to  the  professors  of  this 
art.  They  undertook,  it  would  seem,  then,  as  at  a  later  period,  to  de- 
termine the  course  of  a  man's  character  and  life  from  the  configuration 
of  the  stars  at  the  moment  of  his  birth.     We  do  not  possess  any  of  the 

IS  Montuda,  i.  Sll,  "  Tacit.  Ann.  ii.  B2.  xii.  52.     Hist.  I.  33,  II.  62. 
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speculations  of  the  early  astrologere;  and  we  cannot  therefore  be  cer- 
tain that  the  notions  which  operated  ia  men's  minda  when  the  art  had 
its  hirth,  agreed  with  the  views  on  which  it  was  afterwards  defended, 
when  it  became  a  matter  of  controversy.  But  it  appears  probable, 
that,  though  it  was  at  later  periods  supported  by  physical  analogies, 
it  was  originally  suggested  by  mythological  belie£  The  Greeks  spoke 
of  tie  injlumtees  or  e^luxei  (Ano^poiag)  which  proceeded  from  the 
stars;  but  the  Chaldeans  had  probably  thought  rather  of  the  powers 
which  they  exercised  as  deities.  In  whatever  manner  the  sun,  moon, 
and  planets  came  to  be  identified  with  gods  and  goddrases,  it  is  clear 
that  the  characters  ascribed  to  these  gods  and  goddesses  regulate  the 
virtues  and  powers  of  the  stars  which  bear  their  names.  This  associa- 
tion, so  manifestly  visionary,  was  retained,  amplified,  and  pnrsued,  in 
an  enthusiastic  spirit,  instead  of  being  rejected  for  more  distinct  and 
substantial  connections ;  and  a  pretended  science  was  thus  formed, 
which  bears  the  obvious  stamp  of  mysticism. 

That  common  sense  of  mankind  which  teaches  them  that  theoretical 
opinions  are  to  be  calmlj  tried  by  thpii  consequences  and  theii  accoid 
ance  withfacti  ippears  to  hiie  counteiactcd  the  prevalence  of  astiology 
in  the  better  times  of  the  human  mmd  Eudo\us,  as  we  are  infoinied 
by  Cicero,"  rejeotel  the  pretensions  of  the  Chaldcins,  lud  Cicero 
himself  reasons  against  them  wiih  arguments  as  sensible  and  intelligent 
as  could  be  adduced  by  a  writer  of  the  prc'icnt  day ,  such  is  the  dif 
ferent  fortunes  and  charai-tecs  of  persons  h'  rn  at  the  same  time ,  and 
the  failure  of  the  predittions,  m  the  ca'ie  ot  Pompej ,  Crissu',  Ciesar, 
to  whom  the  astiologers  had  foretold  glorious  old  age  and  peaj^eful 
death.  He  also  employs  an  argument  which  the  reider  would  per 
haps  Bot  expect  from  him  —the  very  gieat  remoteness  of  the  planets 
as  compared  with  the  distance  of  the  moon  "What  contagion  can 
reach  us,"  he  asks,  '  from  a  distance  almost  infin  te  * ' 

Pliny  argues  on  the  sime  side,  and  with  sjme  ot  the  same  argu- 
ments." "Himer,"  he  lais  '  tells  us  that  Hectoi  and  Polydamus 
were  born  the  same  night ; — men  of  such  diiFerent  fortune.  And  every 
hour,  in  every  part  of  the  world,  are  born  lords  and  slaves,  kings  and 
beggars." 

The  impression  made  by  these  arguments  is  marked  in  an  anecdote 
told  concerning  Publius  Nigidius  Pigulus,  a  Roman  of  the  time  of 
Julius  Csesar,  whom  Lucan  mentions  as  a  celebrated  a 


"  Cio.  tk  JMv.  il  42. 
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said,  that  wlieu  an  opponent  of  the  art  urged  as  an  objection  the  dif- 
ferent fates  of  persons  born  in  two  succoasive  instants,  Nigidius  bade 
him  make  two  contiguous  marks  on  a  potter's  wheel,  which  was 
revolving  rapidly  near  them.  On.  stopping  the  wheel,  Urn  two  marks 
were  found  to  be  really  far  removed  from  each  other ;  and  Nigidius  is 
said  to  have  received  the  name  of  Fignlns  (the  potl«r),  in  remembrance 
of  this  story.  His  argument,  says  St.  Augustine,  who  gives  us  the 
naiTativo,  was  as  fragile  as  the  ware  which  the  wheel  mannfactured. 

As  the  darkening  times  of  the  Roman  empire  advanced,  even  the 
stronger  minds  seem  to  have  lost  the  clear  energy  whicb  was  requisite 
to  throw  otf  this  delusion.  Seneca  appears  to  fake  the  influence  of 
the  planets  for  granted;  and  even  Tacitus"  seems  to  heatate.  "For 
my  own  part,"  says  he,  "  I  doubt ;  but  certainly  the  majority  of  mankind 
cannot  be  weaned  from  the  opinion,  that,  at  the  birth  of  each  man,  his 
future  destiny  is  fixed  ;  though  some  things  may  fall  out  differently 
from  the  predictions,  by  the  ignorance  of  those  who  profess  the  art ; 
and  tbat  thns  the  art  is  unjustly  blamed,  confirmed  as  it  is  by  noted  ex- 
amples in  all  ages."  The  occasion  which  gives  rise  to  these  reflections 
of  the  historian  is  the  mention  of  Thrasyllus,  the  favorite  astrologer  of 
the  Emperor  Tiberius,  whose  skill  is  exemphfled  in  the  following  nar- 
rative. Those  who  were  brought  to  Tiberius  on  any  important  matter, 
were  admitted  to  an  interview  in  an  apartment  situated  on  a  lofty  cliff' 
in  the  island  of  Caprete.  They  reached  this  place  by  a  narrow  path, 
accompanied  by  a  single  freedman  of  great  bodily  strength;  and  on 
their  return,  if  the  emperor  had  conceived  any  doubts  of  their  trust- 
worthiness, a  single  blow  buried  the  secret  and  its  victim  in  the  ocean 
below.  After  Thrasyllus  had,  in  this  retreat,  stated  the  results  of  his 
art  as  they  concerned  the  emperor,  Tiberius  asked  him  whether  be 
had  calculated  how  long  he  himself  had  to  live.  The  astrologer  ex- 
amined the  aspect  of  the  stars,  and  while  he  did  this,  as  the  narrative 
states,  showed  hesitation,  alarm,  increasing  terror,  and  at  last  declared 
that,  "  the  present  hour  was  for  him  critical,  perhaps  fatal."  Tiberius 
embraced  him,  and  told  him  "  he  was  right  in  supposing  he  had  been 
in  danger,  hnt  that  he  should  escape  it;"  and  made  him  thenceforth 
his  confidential  counsellor. 

The  belief  in  the  power  of  astrological  prediction  which  thus  obtained 
dominion  over  the  minds  of  men  of  literary  cultivation  and  practical 
energy,  naturally  had  a  more  complete  sway  among  the  speculative 
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but  unstable  minds  of  the  later  ph  losoi  liicil  schools  of  Alexandria, 
Athens,  and  Rome.  We  have  a  treatise  on  istiolugy  by  Proclue, 
which  will  serve  f*  exemjl  ty  the  mystical  prinnple  in  tils  form.  It 
appeafe  as  a  commentixy  on  a  work  on  the  lamo  subject  called 
"  Tetrabiblos  ascnb  d  to  Ptolemy  though  we  miy  rLSsonably  doubt 
whether  the  a  thor  of  t!  e  Megalo  Svntaxis"  was  also  the  writer  of 
tlie  astrologi  al  work  A  1  w  notices  of  the  commentary  of  Proclua 
will  suffice,'*  Tie  scenee  s  defendel  by  urging  how  powerful  we 
know  the  phys  a!  efl  eta  of  the  heavenly  todies  to  be  "The  sun 
regulates  all  th  nga  on  earth ; — the  birth  ot  inim'ils,  the  growth  of 
fruits,  the  flow  ng  of  wite  "s  the  change  of  health,  according  to  the 
reasons :  he  p  od  cas  heat  noistare,  dryness,  cold,  according  to  his 
approach  to  onr  zen  th  The  moon,  which  is  the  nearest  of  all  bodies 
to  the  earth  g  es  o  t  n  cl  influence;  and  all  things,  animate  and 
inanimate,  sympath  ze  w  th  h  r :  rivers  increase  and  diminish  accord- 
ing to  her  light  the  1 1  ance  of  the  sea,  and  its  recess,  are  regulated 
by  her  rising  and  &eU  ng  and  along  with  her,  fruits  and  animals  wax 
and  wane,  either  wholly  or  in  part."  It  is  easy  to  see  that  by  pursuing 
Uiia  train  of  associations  (some  real  and  some  imaginary)  very  vaguely 
and  very  enthusiastically,  the  connections  whioli  astrology  supposes 
would  receive  a  kind  of  countenance.  Proclus  then  proceeds  to  state'" 
the  doctrines  of  the  science.  "The  sun,"  he  says,  "is  productive  of 
heat  and  dryness ;  this  power  is  moderate  in  iis  nature,  but  is  more 
perceived  than  that  of  the  other  luminaries,  from  his  magnitude,  and 
from  the  change  of  seasons.  The  nature  of  the  moon  is  for  the  most 
part  moist ;  for  being  the  nearest  to  the  earth,  she  receives  the  vapors 
which  rise  fixim  moist  bodies,  and  thus  she  causes  bodies  to  soften  and 
rot.  But  by  the  illumination  she  receives  from  the  sun,  she  partakes 
in  3  moderate  degree  of  heat.  Saturn  is  cold  and  dry,  being  most 
distant  both  from  the  heating  power  of  tlie  sun,  and  tiie  moist  vapors 
of  the  earth.  His  cold,  however,  is  most  prevalent,  his  dryness  is 
more  moderate.  Both  he  and  the  rest  receive  additional  powers  Irom 
the  configurations  which  they  make  with  respect  to  the  sun  and 
moon,"  In  the  same  manner  it  is  remarked  that  Mars  is  dry  and 
caustic,  from  his  fiery  nature,  which,  indeed,  his  color  shows.  Jupiter 
is  well  compounded  of  warm  and  moist,  as  is  Venus.  Mercury  is 
variable  in  his  character.  From  these  notions  were  derived  others 
concerning  the  beneficial  or  hurtful  effect  of  these  stars.     Heat  and 
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moisture  g         ti  d         ti        1  menta    h  th  t 

says  Pro  1       deem  dJpt  IV  dthM        th 

good  pow       StiidM         J         tbthhdhl  1 

nature. 

Other    Itit  fthhtftht  mtel 

ftjually  ns        v        d      gg    t  1  by  th     m    t  f       fol  t 

Some  are     as  d  1  f  ra  th    M  1  "V     tis  -u     f 

the  latte    t    d      Th       pp         t    b    m      ly         yth  1  g     1        t 
mologica!  t  S  m  11  t        1    th    M 

and  Venu  fthltt      bdthfe  IJpt       fthfrm 

Satura  and  M  ra       b  th 

The  fix  d  t  rs     1  dp       Uy  fh        f  th       d       h  d     p       I 

influence       dbjf         gndtthmlptJ  hmiw 

supposed  t    I       d  ptlprtfthhdy,thA       hi 

the  head  assigned  to  it,  Taurus  the  neck,  and  so  on. 

The  most  important  part  of  the  sky  in  the  astrologer's  consideration, 
was  that  sign  of  the  zodiac  which  roso  at  the  moment  of  tho  child's 
birth ;  this  was,  properly  speaking,  the  hwoscope,  the  ascendant,  or  the 
fir&t  house  ;  the  whole  circuit  of  the  heavens  being  divided  into  twelve 
houses,  in  which  life  and  death,  marriage  and  children,  riches  and  hon- 
ors, friends  and  enemies,  were  distributed. 

Wo  need  not  attempt  to  trace  the  progress  of  this  science.  It  pre- 
vailed extensively  among  the  Arabians,  as  we  might  expect  from  the 
character  of  tiiat  nation.  Albumasar,  of  Balkh  in  Khorasan,  who 
flourished  in  the  ninth  centuiy,  who  was  one  of  their  greatest  astron- 
omers, was  also  a  great  astrologer ;  and  his  work  on  the  latter  subject, 
"  De  Magnis  Conjunctionibns,  Annorum  Kevolutionibus  ac  eorum  Por- 
fectionibus,"  was  long  celebrated  in  Europe.  Abo^en  Haly  (the  wri- 
ter of  a  treatise  "  De  Judiciis  Astroruin"),  who  lived  in  Spain  in  the 
thirteenth  century,  was  one  of  the  classical  authors  on  this  subject 

It  will  easily  be  supposed  that  when  this  apotelesmatie  or  judicial 
astrology  obtained  firm  possession  of  men's  minds,  it  would  be  pursued 
into  innumerable  subtle  distinctions  and  extravagant  conceits ;  and  the 
more  so,  as  experience  could  offer  little  or  no  check  to  such  exercises  of 
fancy  and  subtlety.  For  tie  eorreetion  of  rules  of  astrological  divination 
by  comparison  with  known  events,  though  pretended  to  by  many  pro- 
fessors of  the  art,  was  far  too  vague  and  falUhle  a  guidance  to  be  of 
any  real  advantage.  Even  in  what  has  been  called  Natural  Astrology, 
the  dependence  of  the  weather  on  the  heavenly  bodies,  it  is  easy  to  see 
what  a  vast  aceumnlation  of  well-observed  facts  is  requisite  to  establish 
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iiny  true  rule ;  and  it  is  well  known  tow  long,  in  spite  of  facts,  false 
and  groundless  rules  (as  the  dependence  of  the  weather  on  the  moon) 
may  teep  their  hold  on  men's  minds.  "When  the  facts  are  such  loose 
and  many-sided  things  as  human  characters,  passions,  and  happiness, 
it  was  hardly  to  be  expected  that  even  the  most  powerful  minds  should 
bo  able  to  find  a  footing  sufBciently  firm,  to  enable  them,  to  resist  the 
impression  of  a  theory  constructed  of  sweeping  and  bold  assertions, 
and  filled  out  into  a  complete  system  of  details.  Accordingly,  the  con- 
nection of  the  stars  with  human  persona  and  actions  was,  for  a  long 
period,  undisputed.  The  vague,  obscure,  and  heterogeneous  character 
of  such  a  connection,  and  its  unfitness  for  any  really  scionlaiic  reason- 
ing, could,  of  course,  never  be  got  rid  of;  and  the  bewildering  feeling 
of  earnestness  and  solemnity,  with  which  the  connection  of  the  heav- 
ens with  man  was  contemplated,  never  died  away.  In  other  respects, 
however,  the  astrologers  foil  into  a  servile  commentatoiial  spirit ;  and 
employed  themselves  in  annotating  and  illustrating  the  works  of  their 
predecessors  to  a  considerable  extent,  before  the  revival  of  true  science. 

It  may  be  mentioned,  that  astrology  has  long  been,  and  probably  is, 
an  ait  held  in  great  esteem  and  admiration  among  other  eastern  na- 
tions besides  the  Mohammedans :  for  instance,  the  Jews,  the  Indians, 
the  SiamS'^e,  and  tiie  Chinese.  The  prevalence  of  vague,  visionary, 
and  banen  notions  among  these  nations,  cannot  surprise  us;  for  with 
regard  to  them  we  have  no  evidence,  as  with  regard  to  Europeans  we 
have,  that  they  are  capable,  on  subjects  of  physical  speculation,  of  ori- 
ginating sound  and  rational  general  principles.  The  Arts  may  have 
had  then  birth  in  all  parts  of  the  globe ;  but  it  is  only  Europe,  at  par- 
ticular favored  periods  of  its  history,  which  has  ever  produced  Sciences. 

We  are,  however,  now  speaking  of  a  long  period,  during  which  this 
productive  energy  was  interrupted  and  suspended.  During  this  period 
Europe  descended,  in  intellectual  character,  to  the  level  at  which  the 
other  parts  of  the  world  have  always  stood.  Her  Science  was  then  a 
mixture  of  Art  and  Mysticism ;  we  have  considered  several  forms  of 
this  Mysticism,  but  there  are  two  others  which  must  not  pass  tmno- 
ticed,  Alchemy  and  Magic. 

We  may  observe,  before  we  proceed,  that  the  deep  and  settled  in- 
fluence which  Astrology  had  obtained  among  them,  appears  perhaps 
most  strongly  in  the  circumstance,  that  the  most  vigorous  and  clear- 
sighted minds  wJiich  were  concerned  in  the  revival  of  science,  did  not, 
for  a  long  period,  shake  off  the  persuasion  that  there  was,  in  this  art, 
some  element  of  truth.     Roger  Bacon,  Cardan,  Kepler,  Tycho  Brahe, 
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Francis  Bacou,  are  examples  of  this.  These,  or  moat  of  tliem,  rujecied 
all  the  more  ohvious  and  extravagant  absurdities  with  -which  the  sub- 
ject had  been  loaded;  but  still  conceived  that  some  real  and  valuable 
trutli  remained  when  all  these  were  removed.  Thus  Campanella,^" 
whom  we  shall  have  to  speak  of  as  one  of  the  first  opponents  of  Aris- 
totle, wrote  an  "Astrology  parifled  from  all  the  Superstitions  of  the 
Jews  and  Arabians,  and  treated  physiologically." 

4.  Alchemy. — Like  other  kinds  of  Mysticism,  Alchemy  seems  to 
have  grown  out  of  the  notions  of  moral,  personal,  and  mythological 
qualities,  which  men  associated  with  terms,  of  which  the  primary  ap- 
plication was  to  physical  properties.  This  is  the  form  in  which  the 
subject  is  presented  to  ns  in  the  earliest  writings  which  we  possess  on 
the  subject  of  chemistry ; — those  of  Geber"'  of  Seville,  who  is  supposed 
to  have  lived  in  the  eighth  or  ninth  century.  The  very  titles  of  Ge- 
ber's  works  show  the  notions  on  which  this  pretended  science  proceeds. 
They  are,  "Of  the  Search  of  Perfection;"  "Of  the  Sum  of  Perfection, 
or  of  the  Perfect  Magistery ;"  "  Of  the  Invention  of  Verity,  or  Perfec- 
tion." The  basis  of  this  phraseology  is  the  distinction  of  metals  into 
more  or  less  perfect;  gold  being  the  most  perfect,  as  being  the  most 
valuable,  most  beautiful,  most  pure,  most  durable ;  silver  the  next ; 
and  so  on.  The  "  Search  of  Perfection"  was,  therefore,  the  attempt  to 
convert  other  metals  into  gold ;  and  doctrines  were  adopted  which  rep- 
resented the  metals  as  all  compounded  of  the  same  elements,  so  that 
this  was  theoretically  possible.  But  the  mystical  trains  of  association 
were  pursued  much  further  than  this;  gold  and  silver  ware  held  to  be 
the  most  noble  of  metals ;  gold  was  their  King,  and  silver  their  Queen. 
Mythological  associations  were  called  in  aid  of  these  fancies,  as  had 
been  done  in  astrology.  Gold  was  Sol,  silver  was  Luna,  the  moon  ; 
copper,  iron,  tin,  lead,  were  assigned  to  Venus,  Mars,  Jupiter,  Saturn. 
The  processes  of  mixture  and  heat  were  spoken  of  as  personal  actions 
and  relations,  struggles  and  victories.  Some  elements  were  conquer- 
ors, some  conqnered ;  there  existed  preparations  which  possessed  the 
power  of  changing  the  whole  of  a  body  into  a  substance  of  another 
kind  :  these  were  called  magisleries}'  When  gold  and  quicksilver  are 
combined,  the  king  and  the  queen  are  married,  to  produce  children  of 
their  own  kind.  It  will  easily  be  conceived,  that  when  chemical  oper- 
ations were  described  in  phraseology  of  this  sort,  the  enthusiasm  of  the 
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I'ancj-  would  be  added  to  that  of  the  liopes,  and  observation  would  not 
be  permitted  to  correct  the  delusion,  or  to  suggest  sounder  and  more 
rational  views. 

The  exagffevation  of  tlio  vague  notion  of  perfection  and  power  in  the 
object  of  the  alehenmt's  search,  was  canied  further  still.  The  same 
preparation  which  possessed  the  faculty  of  turning  baser  metals  into 
gold,  was  imagined  to  be  also  a  universal  medicine,  to  have  the  gift  of 
caring  or  preventing  diseases,  prolon^ng  life,  producing  bodily  strength 
and  beauty :  the  philosophers^  stone  was  finally  invested  with  every 
ilesirable  efficacy  which  the  fancy  of  the  "philosophers"  could  devise. 

It  has  been  usual  to  say  that  Alchemy  was  the  mother  of  Chemistry; 
and  that  men  would  never  have  made  tlie  experiments  on  which  the 
real  science  is  founded,  if  they  had  not  been  animated  by  the  hopes 
and  the  energy  which  tlie  delusive  art  inspired.  To  judge  whether 
this  is  truly  said,  we  must  be  able  to  estimate  the  degree  of  interest 
which  men  feel  in  purely  spi-culative  truth,  and  in  the  real  and  sub- 
stantial improvement  of  art  to  which  it  leads.  Sinc«  the  fall  of 
Alchemy,  and  the  progress  of  real  Chemistry,  these  motives  have  been 
powerful  enough  to  engage  in  the  study  of  the  science,  a  body  far 
larger  than  the  Alchemists  ever  were,  and  no  less  zealous.  There  is 
no  apparent  reason,  why  the  result  should  not  have  been  tiie  same,  if 
the  progress  of  true  science  had  begun  sooner.  Astronomy  was  long 
cultivated  without  the  bribe  of  Astrology.  But,  perhaps,  we  may 
justly  say  this ; — that,  in  the  stationary  period,  men's  minds  were  so 
far  enfeebled  and  degraded,  that  pure  speculative  truth  had  not  its  full 
eifect  upon  them  ;  and  the  mystical  pursuits  in  which  some  dim  and 
disfigured  images  of  truth  were  sought  with  avidity,  were  among  the 
provisions  by  which  the  human  soul,  even  when  sunk  below  its  best 
condition,  is  perpetually  directed  to  something  above  the  mere  objects 
of  sense  and  appetite ; — a  contrivance  of  compensation,  as  it  were,  in 
the  intellectual  and  spiritual  constitution  of  man. 

5.  Magk. — Magical  Aita,  so  far  as  they  were  believed  in  by  those 
who  professed  to  practise  them,  and  so  fer  as  they  have  a  bearing  in 
science^  stand  on  the  same  tooting  as  astrologj  ,  and,  indeed,  a  close 
alliance  has  generally  been  mamtamed  between  the  two  pursuits.  In- 
capacity and  indisposition  to  perceive  naturil  anl  philosophical  causa- 
tion, an  enthusiaetio  im^nation,  and  such  a  faith  as  can  devise  and 
maitttdn  supernatural  and  spirituaJ  Lonnictiocs,  arc  the  elements  of 
this,  as  of  othei  fiimi  ot  Mysticism  And  thu',  that  temper  which  led 
men  to  aim  at  the  mij;icians  suppose  1  authority  over 
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is  an  additional  exeniplifioation  of  those  hiibits  of  thotiglit  which  pre- 
vented the  progress  of  real  science,  and  the  acquisition  of  that  com- 
mand over  nature  which  is  founded  on  science,  during  the  interval 
now  before  us. 

But  there  is  another  aspect  under  which  the  opinions  connected 
with  this  puiBuit  may  serve  to  ilUistrate  the  mental  character  of  the 
Stationary  Period. 

The  tendency,  during  the  niiddie  ages,  to  attribute  the  character  of 
Magician  to  almost  all  persons  eminent  for  great  speculative  or  prac- 
tical knowleJge,  is  a  feature  of  those  times,  which  shows  how  exten- 
sive and  complete  was  the  inability  to  apprehend  the  nature  of  real 
science.  In  cultivated  and  enlightened  periods,  such  as  those  of 
ancient  &reei.e,  or  modern  Europe,  knowledge  is  wished  for  and  ad- 
mired, e\en  hy  those  who  least  possess  it  but  in  dark  and  degraded 
periods,  supenor  knowledge  is  a  butt  for  hatred  and  fear.  In  the  one 
case,  men's  eyes  are  open;  their  thoughts  are  clear;  and,  however 
high  the  philosopher  may  be  raised  above  the  multitude,  they  can 
catch  glimpses  of  the  intervening  path,  and  see  that  it  is  free  to  ali, 
and  that  elevation  is  the  reward  of  energy  and  labor.  In  the  other 
case,  the  crowd  are  not  only  ignorant,  but  ^iritless ;  they  have  lost 
the  pleasure  in  knowledge,  the  appetite  for  it,  and  the  feeling  of  dignity 
which  it  gives :  there  is  no  sympathy  which  connects  them  with  the 
learned  man ;  they  see  him  above  them,  hut  know  not  how  he  is  raised 
or  supported:  he  becomes  an  object  of  aversion  and  envy,  of  vague 
suspicion  and  terror  ;  and  these  emotions  are  embodied  and  confirmed 
by  association  with  the  fancies  and  dogmas  of  superstition.  To  consider 
superior  knowledge  as  Mag^c,  and  Magic  as  a  detestable  and  criminal 
employment,  was  the  form  which  these  feelings  of  dislike  assumed  ; 
and  at  one  period  in  the  history  of  Europe,  almost  every  one  who 
had  gained  any  eminent  literary  fame,  was  spoken  of  as  a  magician. 
Naudsens,  a  learned  Frenchman,  in  the  seventeenth  century,  wrote 
"  An  Apoli^y  for  all  the  Wise  Men  who  have  been  unjustly  reported 
Magicians,  from  the  Creation  to  the  present  Age."  The  list  of  persons 
whom  he  thus  thinks  it  necessary  to  protect,  are  of  various  classes  and 
ages.  Alkindi,  Geber,  Aitephius,  Thebit,  Raymund  LuUy,  Arnold  de 
Villi  Nova,  Peter  of  Apono,  and  Paracelsus,  had  incurred  the  black 
suspicion  as  physicians  or  alchemists.  Thomas  Aquinas,  Roger  Bacon, 
Michael  Scott,  Picus  of  Mirandula,  and  Trithemius,  had  not  escaped 
it,  though  ministers  of  religion.  Even  dignitaries,  such  as  Eobort 
Grosteste,  Bishop  of  Lincoln,  Albortus  Magnus,  Bishop   of  Ratisbon, 
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Popes  Sylvester  the  Second  and  Gregory  the  Seventh,  had  been  in- 
volved in  the  wide  caluimiy.  In  the  same  way  in  which  the  vulgar 
confounded  the  eminent  learning  and  knowledge  which  had  appeared 
in  recent  times,  with  skill  in  dark  supernatural  arts,  they  converted 
into  wizards  all  the  bestrtnown  names  in  tho  rolls  of  fame  ;  as  Aris- 
totle, Solomon,  Joseph,  Pythagoras ;  and,  finally,  the  poet  Virgil  was 
a  powerful  and  skilful  necromancer,  and  this  fancy  was  exemplified  by 
many  strange  stories  of  his  achievements  and  practices. 

The  various  results  of  the  tendency  of  the  human  mind  to  mysticism, 
which  we  have  here  noticed,  form  prominent  features  in  the  intel- 
lectual character  of  the  world,  for  a  long  course  of  centuries.  The 
theosophy  and  theurgy  of  the  ITeoplatonista,  the  mystical  arithmetic 
of  the  Pythagoreans  and  their  successors,  tlie  predictions  of  the  astrol- 
ogers, the  pretences  of  alchemy  and  magic,  represent,  not  unfairly, 
the  general  character  and  disposition  of  men's  thoughts,  with  reference 
to  philosophy  and  science.  That  there  were  stronger  minds,  which 
threw  off  in  a  greater  or  less  degree  this  train  of  delusive  and  unsub- 
stantial ideas,  is  true  ;  as,  on  the  other  hand,  Mysticism,  among  the 
vulgar  or  the  foolish,  often  went  to  an  extent  of  extravagance  and  super- 
stition, of  which  I  have  not  attempted  to  convey  any  conception.  The 
lesson  which  the  preceding  survey  teaches  us  is,  that  during  the  Star 
tionary  Period,  Mysticism,  in  its  various  forms,  was  a  leading  character, 
both  of  the  common  mind,  and  of  the  speculations  of  the  most  intel- 
ligent and  profound  reasonere;  and  that  this  Mysticism  was  the  oppo- 
site of  that  habit  of  thought  which  we  have  stated  Science  to  require ; 
namely,  clear  Ideas,  distinetiy  employed  to  connect  well-ai 
Facts ;  inasmuch  as  the  Ideas  in  which  it  dealt  were  vague  and  u 
and  the  temper  in  which  they  were  contemplated  was  an  urgent  and 
aspiring  enthusiasm,  which  could  not  submit  to  a  calm  conference 
with  experience  upon  even  terms.  The  fervoriof  thought  in  some  degree 
supplied  the  place  of  reason  in  producing  belief;  but  opinions  so  ob- 
tained had  no  enduring  value  ;  they  did  not  exhibit  a  permanent 
record  of  old  truths,  nor  a  firm  foundation  for  new.  Esporience  col- 
lected her  stores  in  vain,  or  ceased  to  collect  them,  when  she  had  only 
to  pour  them  into  the  flimsy  folds  of  the  lap  of  Mysticism ;  who  was, 
in  truth,  so  much  absorbed  in  looiing  for  the  treasures  which  were  to 
fell  from  the  skies,  that  she  heeded  littie  how  scantily  she  obtdned,  or 
how  loosely  she  held,  such  riches  as  might  be  found  near  her. 
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CHAPTER  IV. 
Op  THE  Dogmatism  of  the  Sta-tionary  i*EHioD. 

IN  speaking  of  the  chai'acter  of  Uxq  age  of  commentatoi's,  we  noticed 
prineipaUyibe  ingenious  servility  whjcli  it  displays', — tlie  tujutaness 
with,  which  it  finds  ground  for  Bpooulation  in  the  expression  of  other 
men's  thoughts; — the  want  of  all  vigor  and  fertility  in  acquiring  any 
real  and  new  truths.  Such  was  the  character  of  the  reasoners  of  the 
stationary  period  from  the  first;  but,  at  a  later  day,  this  charaeter, 
from  various  causes,  was  modified  hy  new  features.  The  servilily  which 
had  yielded  itself  to  the  yoke,  insisted  upon  forcing  it  on  the  necks  of 
others  :  the  subtlety  which  found  all  the  truth  it  needed  in  certain  ac- 
credited writings,  resolved  that  no  one  should  find  there,  or  in  any 
other  region,  any  other  truths;  speculative  men  became  tyrants  with- 
out ceasing  to  be  slaves ;  to  their  character  of  Commentators  thej 
added  that  of  Dogmatists. 

1.  Origin  of  the  Scholastic  Philosophy. — The  causes  of  this  change 
have  been  very  happily  analyzed  and  described  by  several  modem 
writers.'  The  general  nature  of  the  process  may  be  briefly  stat«d  to 
have  been  the  following. 

The  tendendos  of  the  later  times  of  the  Eoman  empire  to  a  com- 
menting literature,  and  a  second-hand  philosophy,  have  already  been 
noticed.  The  loss  of  the  dignity  of  political  fi-eedom,  the  want  of  the 
cheerfulness  of  advancing  prosperity,  and  the  substitution  of  the  less 
philosophical  structure  of  the  Latin  language  for  the  delicate  intel- 
lectual mechanism  of  the  Greek,  fixed  and  augmented  the  prevalent 
feebleness  and  barrenness  of  intellect.  Men  forgot,  or  feared,  to  con- 
sult nature,  to  seek  for  new  truths,  to  do  what  the  great  discoverers  of 
other  times  had  done;  they  were  content  to  consult  libraries,  to  study 
and  defend  old  opinions,  to  talk  of  what  great  geniuses  had  said.  They 
songht  their  philosophy  in  accredited  treatises,  and  dared  not  quesljon 
such  doctrines  as  they  there  found. 

The  character  of  the  philosophy  to  which  they  were  thus  led,  was 
determined  by  this  want  of  courage  and  originality.  There  arc  various 

'  Dr.  Hampden,  in  the  Life  of  Thomaa  Aquinas,  in  the  Mmyo.  ^etrap.  Begorando, 
Hiat.  Qmparee,  to),  iv.    Also  Twrnemaon,  Hist.  o/PiU.  vol.  Tili.  Ictroduotion. 
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antagonist  principles  of  opinion,  ■which  seem  alike  (o  have  their  root 
in  the  iutellectnal  constitution  of  man,  and  which  are  maintained  and 
developed  by  opposing  sects,  ■when  the  intellect  is  in  vigorous  action. 
Such  principles  are,  for  instance — the  claims  of  Authority  and  of  Eeason 
to  our  assent; — tie  source  of  our  knowledge  in  Experience  or  in  Ideas; 
— the  superiority  of  a  Mystical  or  of  a  Skeptical  turn  of  thought. 
Such  oppositions  of  doctrine  were  found  in  writers  of  the  greatest 
fame  ;  and  two  of  those,  who  most  occupied  the  attention  of  students, 
Plato  and  Aristotie,  were,  on  several  points  of  this  nature,  very  diverse 
from  each  other  in  their  tendency.  The  attempt  to  reconcile  these 
philosophers  by  Bofithius  and  others,  we  have  already  noticed ;  and 
the  attempt  was  so  far  successful,  that  it  left  on  men's  minds  the  belief 
in  the  possibility  of  a  great  philosophical  system  which  should  be 
based  on  both  these  writers  and  have  a  claim  to  the  assent  of  all  sober 


But,  in  the  mean  time,  the  Christian  Religion  had  become  tie  lead- 
ing subject  of  men's  thoughts ;  and  divines  had  put  forward  its  claims 
to  be,  not  merely  the  guide  of  men's  lives,  and  the  means  of  reconcil- 
ing them  to  their  heavenly  Master,  but  also  to  be  a  Philosophy  in  the 
widest  sense  in  which  the  term  had  been  used ; — a  consistent  specula- 
tive view  of  man's  condition  and  nature,  and  of  the  world  in  which 
he  is  placed. 

These  claims  had  been  acknowledged ;  and,  unfortunately,  from  the 
iiitelleetual  condition  of  the  times,  with  no  due  apprehension  of  the 
necessary  ministry  of  Observation,  and  Reason  dealing  with  observation, 
by  which  alone  such  a  system  can  be  embodied.  It  was  held  without 
any  regulating  principle,  that  the  philosophy  which  had  been  be- 
queathed to  the  world  by  the  great  geniuses  of  heathen  antiquity,  and 
the  Philosophy  which  was  deduced  from,  and  implied  by,  the  Revela- 
tions made  by  God  to  man,  must  be  identical;  and,  therefore,  that 
Theology  is  the  only  true  philosophy.  Indeed,  the  Neopktonists  had 
already  arrived,  by  other  roads,  at  the  same  conviction.  John  Scot 
Erigena,  in  the  reign  of  Alfred,  and  consequently  before  the  existence 
of  the  Scholastic  Philosophy,  properly  so  called,  had  reasserted  this 
doctrine."  Anselm,  in  the  eleventh  century,  again  brought  it  forward;^ 
and  Beruatd  de  Chartres,  in  the  thirteenth,' 

This  view  was  confirmed  by  the  opinion  which  prevailed,  concern- 
ing the  nature  of  philosophical  truth  ;  a  view  supported  by  the  theory 
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of  Plato,  tlie  practice  of  Aristotle,  and  the  general  propensities  of  the 
human  mind ;  I  mean  the  opinion  that  all  science  may  he  obtained  by 
the  use  of  reasoning'  alone  ; — that  by  analyzing  and  comhining  the 
notions  which  common  language  brings  before  ns,  we  may  leam  all 
that  we  can  know.  Tiins  Logic  came  to  include  the  whole  of  Science ; 
and  accordingly  this  Abelard  expressly  maintained.'  I  have  already 
explained,  in  Bomo  nieasuro,  the  fallacy  of  this  belief,  which  consists, 
as  has  been  well  said,^  "in  mistaking  the  universality  of  the  theory  of 
language  for  the  generalization  of  facts."  But  on  all  accounts  this 
opinion  is  readily  accepted ;  and  it  led  at  once  to  the  conclusion,  that 
the  Theological  Philosophy  which  we  have  described,  is  complete  as 
well  as  true. 

Thus  a  Universal  Science  was  established,  with  the  authority  of  a 
Eeligious  Creed.  Its  universality  rested  on  efroneous  views  of  the  re- 
lation of  words  and  truths ;  its  pretensions  as  a  science  were  admitted 
by  the  servile  temper  of  men's  intellects ;  and  its  religious  authority 
was  assigned  it,  by  making  all  truth  part  of  religion.  And  sa  Eeligion 
claimed  assent  within  her  own  jurisdiction  under  the  most  solemn  and 
imperative  sanctions.  Philosophy  shared  m  her  imperial  power,  and 
dissent  from  their  doctrines  w  as  no  longer  blameless  or  allowable.  Error 
became  wicked,  dissent  became  heresy  ;  to  reject  the  received  human 
doctrines,  was  nearly  the  same  as  to  doubt  the  Divine  declarations.  The 
Seholastte  Philosophy  claimed  the  assent  of  all  believers. 

The  external  form,  the  detMls,  and  the  text  of  this  philosophy,  were 
taken,  in  a  great  measure,  from  Aristotle ;  though,  in  the  spirit,  the 
general  notions,  and  the  style  of  interpretation,  Plato  and  the  Platonists 
had  no  inconsiderable  share  Vanous  causes  contributed  to  tie  eleva- 
tion of  Aristotle  to  this  distinotim  His  Logic  had  early  been  adopted 
as  an  Instrument  of  theokgical  disputation  and  his  spirit  of  systemati- 
zation,  of  subtle  distinction,  and  ot  tmlysis  of  words,  as  well  as  his 
disposition  to  argumentation,  affjid  d  the  most  natural  and  grateful 
employment  to  tho  commentating  propensities.  Those  principles  which 
we  before  noted  as  the  leading  points  of  his  physical  philosophy,  were 
selected  and  adopted ;  and  these,  presented  in  a  most  technical  form,  and 
applied  in  a  systematic  manner,  constitute  a  large  portion  of  the  philos- 
ophy of  which  we  now  speak,  so  far  as  it  pretends  to  deal  with  physics. 

2.  Scholastic  Doffmas.— But  before  the  complete  ascendency  of  Aris- 
totle was  thus  established,  when  something  of  an  intellectual  waking 
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took  place  after  the  darkness  and  sleep  of  the  ninth  and  tenth  centu- 
ries, the  Platonic  doctrines  seem  to  have  had,  at  first,  a  strong  atti'ae- 
tiott  for  men's  minds,  as  better  falling  in  with  the  mystical  speculationa 
and  contemplative  piety  which  belonged  to  the  times.  John  Soot 
Erigena'  may  be  looked  upon  as  the  reviver  of  the  New  Platonism  in 
tiie  tenth  century.  Towards  the  end  of  the  eleventh,  Peter  Damien," 
in  Italy,  reproduced,  involved  in  a  theological  discussion,  some  Neopla- 
tonic  ideas,  Godefroy'  also,  censor  of  St.  Victor,  has  left  a  treatise, 
entitled  Microeosmus ;  this  is  founded  on  a  mystical  analogy,  often 
afterwards  again  brought  forward,  between  Man  and  the  Universe.  "  Phi- 
losophers and  theologians,"  says  the  writer,  "  agree  in  considering  man 
as  a  little  world  ;  and  as  the  world  is  composed  of  fonr  elements,  man 
is  endowed  with  four  faculties,  the  senses,  the  imagination,  reason,  and 
understanding,"  Bernard  of  Chartres,'"  in  his  Megascosmus  and  Micro- 
cosmus,  took  up  the  same  notions.  Hugo,  abbot  of  St  Victor,  made  a 
contemplative  life  the  main  point  and  crown  of  his  philosophy;  and  is 
said  to  have  been  the  firet  of  the  scholastic  writers  who  made  psychol- 
t^y  his  special  study."  He  says  the  faculties  of  the  mind  are  "the 
senses,  the  imagination,  the  reason,  the  memory,  the  understanding, 
and  the  intelligence." 

Physics  does  not  originally  and  properly  form  any  prominent  part  of 
the  Scholastic  Philosophy,  which  consists  mainly  of  a  series  of  ques- 
tions and  determinations  upon  the  various  points  of  a  certain  technical 
divinity.  Of  this  kind  is  the  Book  of  Senlenees  of  Peter  the  Lombard 
(bishop  of  Paris),  who  is,  on  that  account,  nsually  called  "Magbter 
Sententiarum  ;"  a  work  which  was  published  in  the  twelfth  century, 
and  w^  long  the-  text  and  standard  of  such  discussions.  ITie  questions 
are  decided  by  the  authority  of  Scripture  and  of  the  Fathers  of  the 
Church,  and  are  divided  into  four  Books,  of  which  the  first  contains 
questions  concerning  God  and  the  doctrine  of  the  Trinity  in  particular ; 
the  second  is  concerning  the  Creation;  the  third,  concerning  Christ 
and  the  Christian  Religion ;  and  the  fourth  treats  of  Religious  and 
Moral  Duties.  In  the  second  book,  as  in  many  of  the  writers  of  this 
time,  the  nature  of  Angels  is  considered  in  detail,  and  the  Orders  of 
then  Hienichy,  of  which  there  were  held  to  be  nine.  The  physical 
discussions  enter  only  as  bearing  upon  the  scriptural  history  of  the 
cieifion,  and  cannot  be  taken  as  a  specimen  of  the  work ;  but  I  may 
obser\e,  that  m  speaking  of  the  division  of  the  waters  above  the  fir- 
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mamcnt,  from  tbe  waters  under  the  firmament,  ha  gives  one  opinion, 
that  of  Bede,  that  the  former  waters  are  the  solid  crystalline  heavens 
in  which  the  stars  are  fixed,'^  "for  ciyotal,  which  js  so  hard  and  trans- 
parent, is  made  of  water."  But  he  mentions  alio  the  opinion  of  St. 
Augustine,  that  the  waters  ahove  the  heavens  ire  in  a  state  of  vapor, 
(vaporaliler)  and  in  minute  drops ;  '  jf,  then,  wafei  can,  as  we  see  in 
clouds,  be  so  minutely  divided  that  it  mij  be  thus  supported  as  vapor 
on  air,  which  is  naturally  lighter  than  water ,  why  may  we  not  believe 
that  it  floats  above  that  lighter  celestial  element  in  stiil  minuter  drops 
and  still  lighter  vapors !  But  in  whatever  manner  tlie  watem-  are 
there,  we  do  not  doubt  that  they  are  there." 

The  celebrated  Summa  Theologice  of  Thomas  Aquinas  is  a  work  of 
the  same  kind  ;  and  any  thing  which  has  a  pliysical  bearing  forms  an 
equally  small  pait  of  it.  Thus,  of  the  512  Questions  of  the  Summa, 
there  is  only  one  (Part.  I.,  Quest.  H5),  "on  Corporeal  Action,"  or  on 
any  part  of  the  material  world ;  though  there  are  several  concerning 
the  celestial  Hierarchies,  as  "  oo  the  Act  of  Angels,"  "  on  the  Speaking 
of  Angels,"  "on  the  Subordination  of  Angels,"  "on  Guardian  Angels," 
and  the  like.  This,  of  course,  would  not  be  remarkable  in  a  treatise 
on  Theology,  except  this  Theology  were  intended  to  constitute  the 
whole  of  Philosophy. 

We  may  observe,  that  in  this  work,  though  Plato,  Avecibron,  and 
many  other  heathen  as  well  as  Christian  philosophers,  are  adduced  as 
authority,  Aristotle  is  referred  to  in  a  peculiar  manner  as  "the  philos- 
opher." This  is  noticed  by  John  of  Salisbury,  as  attracting  attention 
in  his  time  (he  died  a.d.  1182).  "The  various  Masters  of  Dialectic," 
says  he,"  "shiuo  each  with  his  peculiar  merit;  but  all  are  proud  to 
worship  the  footsteps  of  Aristotle ;  so  much  so,  indeed,  that  the  name 
of  philosopher,  which  belongs  to  them  all,  has  been  pre-eminently 
appropriated  to  him.  He  is  called  the  philosopher  atitonomatice,  that 
is,  by  excellence." 

The  Question  concerning  Corporeal  Action,  in  Aquinas,  is  divided 
into  sis  Articles ;  and  the  conclusion  delivered  upon  the  first  is,"  that 
"  Body  being  compounded  of  power  and  act,  is  active  as  well  as  pas- 
sive." Against  this  it  is  urged,  that  quantity  is  an  attribute  of  body, 
and  that  quantity  prevents  action ;  that  this  appears  in  fact,  since  a 
larger  body  is  more  difficult  to  move.     The  author  replies,  that  "quan- 

"  Lib.  ii.  Distinct,  xiv.    De  open  secundiE  dm. 
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tity  doea  not  prevent  corporeal  form  from  action  altogetlier,  but  pre- 
vents it  from  being  a  universal  agent,  inasmucli  as  the  form  is  individ- 
ualized, which,  in  matter  subject  to  quantity,  it  is.  Moreover,  tlie 
illustration  deduced  from  the  ponderonsness  of  bodies  is  not  to  the 
puipose ;  first,  because  the  addition  of  quantity  is  not  the  cause  of 
gravity,  as  is  proved  in  the  fourth  book,  Do  Ccelo  and  De  Muudo"  (we 
see  that  he  quotes  familiarly  the  physical  treatises  of  Aristotle) ; 
"  second,  because  it  is  false  that  ponderousnoss  makes  motion  slower ; 
on  the  contrary,  in  proportion  as  any  thing  is  heavier,  the  more  does 
it  move  with  its  proper  motion ;  thirdly,  because  action  does  not  take 
plaee  by  local  motion,  aa  Democritua  asserted ;  hut  by  this,  that  some- 
thing ih  drawn  from  power  into  act." 

It  doea  not  belong  to  our  purpose  to  consider  either  the  theological 
or  the  metaphysical  doctrines  which  form  so  large  a  portion  of  the 
■  treatises  of  the  schoolmen.  Perhaps  it  may  hereafter  appear,  that 
some  light  is  thrown  on  some  of  the  questions  which  have  occupied 
metaphysicians  in  all  ages,  by  that  examination  of  the  history  of  the 
Progressive  Sciences  in  which  we  are  now  engaged ;  but  till  we  are 
able  to  analyze  the  leading  controversies  of  this  kind,  it  would  be  of 
little  sei-vice  to  speak  of  them  in  detail.  It  may  be  noticed,  however, 
that  many  of  the  most  prominent  of  them  refer  to  the  great  question, 
"What  is  the  relation  between  actual  things  and  general  terms?" 
Perhaps  in  modern  times,  the  actual  things  would  bo  more  commonly 
taken  as  the  point  to  start  from ;  and  men  would  begin  by  considering 
how  classes  and  universals  are  obtained  from  individuals.  But  the 
schoolmen,  founding  their  speculations  on  the  received  modes  of  con- 
wdering  such  subjects,  to  which  both  Aristotle  and  Plato  ha<l  con- 
tributed, travelled  in  the  opposite  direction,  and  endeavored  to  discover 
how  individuals  were  deduced  from  genera  and  species ; — what  was 
"the  Principle  of  Individuation,"  This  was  variously  stated  by 
different  reasoners.  Thus  Bonaventnra'^  solves  the  difQculty  by  the 
aid  of  the  Aristotelian  distinction  of  Matter  and  Form.  ITie  individ- 
ual derives  from  the  Form  the  property  of  being  something,  and  from 
the  Matter  the  property  of  being  tha-t  ^rtimilar  thing.  Duns  Scotus," 
the  great  adversary  of  Thomas  Aquinas  in  theology,  placed  the  prin- 
ciple of  Individuation  in  "  a  certain  determining  pi»itive  entity,"  which 
his  school  oalXeA  Hceeceity  oi  thimess.  "Thus  an  individual  man  is 
Peter,  heeausc  his  humanity  is  combined  with  Petreilt/."     The  force 
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of  absti'act  terms  is  a  curious  question,  iind  some  remarkable  exper- 
iments in  their  use  had  been  made  by  the  Latin  Aristotelians  before 
this  time.  In  the  same  way  in  which  we  talk  of  the  quantity  and 
quality  of  a  thing',  they  spoke  of  its  quiddity." 

We  may  consider  the  reign  of  mere  disputation  as  fully  established 
at  the  time  of  which  we  are  now  speaking ;  an  1  the  only  k  n  1  of  phi- 
losophy henceforth  studied  was  one  in  which  no  soun  1  phy  1  science 
had  or  could  have  a  place.  The  wavering  bst  •%  ion  ndistinct 
generalizations,  and  loose  classifications  of  co  n  n  Ian,,  a  which 
we  have  already  noted  as  the  fountain  of  the  j  by  s  of  the  Greek 
Schools  of  philosophy,  were  also  the  only  s  u  f  m  wh  ch  the 
Sehoolmen  of  the  middle  ages  drew  their  views,  or  rathej  their  argu- 
ments :  and  though  these  notional  and  verbal  relations  were  invested 
with  a  most  complex  and  pedantic  technicality,  they  did  not,  on  that 
account,  become  at  all  more  precise  as  notions,  or  more  likely  to  lead 
to  a  single  real  truth.  Instead  of  acquiring  distinct  ideas,  they  mul- 
tiplied abstract  tenns ;  instead  of  real  generalizations,  they  had  recourse 
to  verbal  distinctions.  The  whole  course  of  their  employments  tended 
to  make  them,  not  only  ignorant  of  physical  truth,  but  incapable  of 
conceiving  its  natui'e. 

Having  thus  taken  upon  themselves  the  task  of  raising  and  discuss- 
ing questions  by  means  of  abstract  terms,  verbal  distinctions,  and  logi- 
cal rules  alone,  there  was  no  tendency  in  their  activity  to  come  to  an 
end,  as  there  was  no  progress.  The  same  questions,  the  same  answers, 
the  same  difScnlties,  the  same  solutions,  the  same  verbal  subtleties, — 
sought  for,  admired,  cavilled  at,  abandoned,  reproduced,  and  again  ad- 
mired,— might  recur  without  limit.  John  of  Salisbuiy"  observes  of 
the  Parisian  teachers,  that,  after  several  years'  absence,  he  found  them 
not  a  step  advanced,  and  stiU  employed  in  urging  and  parrying  the 
same  arguments ;  and  this,  as  Mr.  Hallam  remarks,"  "  was  equally  ap- 
plicable to  the  period  of  centuries."     The  same  knots  were  tied  and 

"  Deg.  iv.  494. 

'■  He  studied  lo^e  at  Paris,  at  St  QenaviSve,  and  then  left  them.  "  Diiodeoen- 
nium  mihi  elapsum  est  divcrsis  Btudiis  occupatum.  Jueiindum  itaquo  visum  est 
TQterea  quas  reliqnemm,  et  qnos  adliuc  Dialectica  detinebat  in  montc,  (SanctiB 
Genovefie)  revisere  eooioB,  eonferre  cum  aia  auper  ambignitnUbna  ptiaOnia ;  nt 
nostrum  invicem  collatione  mutuft  commetircmiir  profcctimi.  Inveuti  snnt,  qui 
fneranli,  at  ubi ;  neqne  anim  ad'  palinam  yisi  Biiiit  prooessissa  ad  quEoationea  ptis- 
Uuis  dlrimendns,  neque  proposiHunoulam  uiiaiii  adjaoerant.  Qnibua  urgebant 
BSmulia  eiadam  at  ipai  urgebantttr,"  c&o.    MetaUigkm,  lib.  ii.  cap.  10. 
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untied;  tho  same  clouds  were  formed  and  dissipated.     Tlio  poet's  cen- 
sure of  "  tte  Sons  of  Aristotle,"  is  just  as  happily  expressed  : 

Tiiey  stand 

Looked  up  together  Land  in  hand 

Everj  one  leads  wiliaia  Ud, 

The  same  Iiare  pntli  they  troad, 
And  dance  like  FMries  a  fantastic  round, 
But  neither  change  their  motion  nor  thoir  ground, 

It  will  therefore  be  unnecessary  to  go  into  any  det;ul  respecting  the 
history  of  the  School  Philosophy  of  the  thirteenth,  fourteenth,  and  fif- 
teenth centuries.  We  may  suppose  it  to  have  been,  duiing  the  inter- 
mediate time,  such  as  it  was  at  first  and  at  kst.  An  occasion  to 
consider  its  later  days  will  be  brought  before  ns  by  the  couree  of  our 
subject.  But,  even  during  the  most  entire  ascendency  of  the  scho- 
lastic doctrines,  the  elements  of  change  were  at  work.  While  the 
doctors  and  the  philosophers  received  all  the  ostensible  homage  of 
men,  a  doctrine  and  a  philosophy  of  another  kind  were  gradually  form- 
ing; the  practical  instincts  of  man,  their  impatience  of  tyranny,  the 
progress  of  the  useful  wts,  the  promises  of  alchemy,  were  all  disposing 
men  to  reject  the  authority  and  deny  the  pretensions  of  the  received 
philosophical  creed.  Two  antagonist  forms  of  opinion  were  in  exist- 
ence, which  for  some  time  went  on  detached,  and  almost  independent  of 
each  other ;  hut,  finally,  these  came  into  conflict,  at  the  time  of  Galileo ; 
and  the  war  speedily  extended  to  every  part  of  civilized  Europe. 

3.  Scholastic  J'k^sks. — It  is  difficult  to  give  briefly  any  appropriate 
examples  of  the  nature  of  the  Aristotelian  physics  which  are  to  be 
found  in  the  works  of  this  time.  As  the  gi'avity  of  bodies  was  one  of 
the  first  subjects  of  dispute  when  the  struggle  of  the  rival  methods 
began,  we  may  notice  the  mode  in  which  it  was  treated,*"  "  Zabarella 
maintains  that  the  proximate  cause  of  the  motion  of  elements  is 
the  form,  in  the  Aristotelian  sense  of  the  term  :  but  to  this  sen- 
tence we,"  saya  Eecterman,  "cannot  agree;  for  in  all  other  things 
the/oj-m  is  the  proximate  cause,  not  of  the  act,  hut  of  the  power  or 
faculty  from  which  the  act  flows.  Thus  in  man,  the  rational  soul  is 
not  the  cause  of  the  act  of  laughing,  but  of  tlie  risible  faculty  or  power." 
Keckerman's  system  was  at  one  time  a  work  of  considerable  authority : 
it  was  published  in  1614,  By  comparing  and  systematizing  what  he 
finds  in  Aristotle,  he  is  led  to  state  his  results  in  the  form  of  definitions 
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and  theorems.  Thus,  "  gravity  is  a  motive  quality,  arising  from  cokl, 
density,  and  bulk,  hy  which  the  elements  are  carried  downwards." 
"  Water  is  the  lower,  intermediate  element,  cold  and  moist."  The  first 
theorem  concerning  water  is,  "  The  moistnesa  of  the  water  is  controlled 
by  its  coldness,  so  that  it  is  less  than  the  moistness  of  tlie  air ;  though, 
according  to  the  sense  of  the  vulgar,  wat«r  appears  to  moisten  more 
than  air."  It  is  obvious  that  the  two  properties  of  fluids,  to  have  their 
parts  easily  moved,  and  to  wet  other  bodies,  are  here  confounded.  I 
may,  as  a  concluding  specimen  of  this  kind,  mention  those  propositions 
or  maxims  concermn^  fluids,  which  tieie  so  fiimly  est abh shed,  that, 
when  Boyle  propounded  the  tiue  mechanical  pnaciples  of  fluid  action, 
ha  was  obliged  to  state  his  opinions  as  "hydiostatical  paradoxes." 
These  were, — that  fluids  do  not  gravitate  in  propiio  1<h.o  ,  tbat  is,  that 
water  has  no  giavity  in  or  on  watei,  since  it  is  m  its  own  plac« ; — 
that  air  has  no  gravity  on  water,  since  it  is  abo^e  water,  which  is  its 
proper  place  , — thit  earth  m  water  tends  to  descead,  6mce  its  place  is 
below  water,— that  the  watoi  uses  m  i  pump  oi  siphon,  botause  na- 
ture abhors  a  vacuum  , — that  some  bodies  have  a  positive  levity  in 
others,  as  oil  in  water ,  and  the  like 

4.  Autltmtty  o^  AristotU  among  the  Schoolmtn — The  authority  of 
Aristotle,  and  the  practice  of  mating  him  the  text  and  basis  of  the 
system,  especially  as  it  regarded  physics,  prevailed  during  the  period 
of  which  we  spealc  This  authority  was. not,  however,  without  its  fluc- 
tuations. Launoy  has  traced  one  part  of  its  history  in  a  book  On  ike 
various  Fortune  of  Aristotle  m  the  University  of  Paris.  The  most 
material  turns  of  this  fortune  depend  on  the  bearing  which  the  worts 
of  Aiistotle  were  supposed  to  have  upon  theology.  Several  of  Aris- 
totle's works,  and  more  especially  his  metaphysical  writings,  had  been 
translated  into  Latin,  and  were  explained  in  the  schools  of  the  Univer- 
sity of  Paris,  as  early  as  the  beginning  of  the  tliii-teenth  century."  At 
a  council  held  at  Paris  in  1209,  they  were  prohibited,  as  having  given 
occasion  to  the  heresy  of  Almeric  {or  Amauri),  and  because  "they 
might  give  occasion  to  other  heresies  not  yet  invented."  The  Logic 
of  Aristotle  recovered  its  credit  some  years  after  this,  and  was  publicly 
taught  in  the  University  of  Paris  in  the  year  1215  ;  but  the  Natural 
Philosophy  and  Metaphysics  were  prohibited  by  a  deci'ee  of  Gregory 
the  Ninth,  in  1231.  The  Emperor  Frederic  the  Second  employed  a 
number  of  learned  men  to  translate  into  Latin,  from  Ihe  Greek  and 
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Arabic,  certain  books  of  Ai'istotle,  and  of  other  ancient  sages  ;  and  we 
ha  a  1  tt  f  P  te  d  V  s  "  ^h'  h  th  j  are  recommended  to 
tb  att  t  ftb  Uni  ty  f  D  1  a  p  bably  tbe  same  recom- 
n  ndat       w        dd        1  t      tb  t         Both  Albertus  Mag- 

nus and  Tb  nas  Aq  aa  w  t  mm  nt  ^  on  Aristotle's  works ; 
and        th      w       1  ft      tl      d  of  Gregory  tbe  Ninth, 

La       y      mbpp!      dt  iltbft  with  the  ortbodoxy  of 

the  two  doctors,  Campanella,  who  was  one  of  the  fii'st  to  cast  off  the 
authority  of  Aristotle,  says,  "  We  aie  by  no  means  to  think  that  St. 
Thomas  arUtolleized ;  he  only  expounded  Aristotle,  that  he  might 
correct  his  errors  ;  and  I  should  conceive  be  did  this  with  the  license 
of  the  Pope,"  This  statement,  however,  by  no  means  gives  a  just  view 
of  the  nature  of  Albertus's  and  Aquinaa's  cotnmentaties.  Both  have 
followed  their  authors  with,  profound  deference,"  For  instance,  Aqui- 
a  to  defend  Aristotle's  assertion,  that  if  there  were  no 
-.,  a  body  would  move  through  a  space  in  no  time;  and  the 
same  defence  is  ^ven  by  Scotus. 

We  may  imagine  the  extent  of  authority  and  admiration  which 
Arietotlo  would  attain  when  thus  countenanced,  both  by  the  powerful 
and  the  learned.  In  universities,  no  degree  could  be  taken  without  a 
knowledge  of  the  philosopher.  In  1452,  Cardinal  Totaiil  established 
this  rule  in  the  University  of  Paris."  When  Ramus,  in  1543,  pub- 
lished an  attack  upon  Aristotle,  it  was  I'epelled  by  the  power  of  the 
court  and  the  severity  of  the  law,  Francis  the  First  published  an 
edict,  in  which  bo  states  that  be  had  appointed  eertiin  judges,  who 
had  been  of  opinion,''  "  que  Je  dit  Kajnua  avoit  6te  t^mer-ure  arrogant 
et  impudent ;  et  que  parcequ'en  son  livre  des  animadversions  il  repie 
nait  Aristotle,  estdt  ^videmment  connue  et  maniteste  *h)Ii  ignoiance" 
The  books  are  then  declared  to  be  suppressed.  It  was  otten  a  com- 
plaint of  pious  men,  that  theology  was  corrupted  by  the  influence  of 
Aristotle  and  his  commentators.  Petrarch  says,°°  that  one  of  the  Ital- 
ian learned  men  conversing  with  him,  after  expressing  much  contempt 
for  the  Apostles  and  Fathers,  exclaimed,  "  Utinam  tu  Averroeu  pati 
posses,  ut  videres  quauto  iile  tuis  his  nugatoribus  major  sit !" 

When  the  revival  of  letters  began  to  take  place,  and  a  number  of 
men  of  ardent  and  elegant  minds,  susceptible  to  the  impressions  of 
beauty  of  style  and  dignity  of  thought,  were  brought  into  contact 
with  Greek  literature,  Plato  had  naturally  gi'eater  charms  for  thom,    A 

«  Deg.  N.  4:5.         !'  F,  Picoolomini,  ii.  835.       "  Lauuoy,  pp.  lOS,  128. 
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powcrlul  school  of  Platouists  {not  Neoplatonists)  was  formed  in  Italy, 
including  some  of  the  principal  scholars  and  men  of  genius  of  the 
time ;  as  Picua  of  Mirandula  in  the  middle,  Marsilius  FiciniB  at  the  end, 
of  the  fifteenth  century.  At  one  time,  it  appeared  as  if  the  ascend- 
ency of  Aristotle  was  about  to  be  overturned ;  bnt,  in  physics  at  least, 
hia  authority  passed  nashaien  through  this  trial.  It  was  not  by  dis- 
putation that  Aristotle  could  be  overthrown  ;  and  the  Pktonists  were 
not'pei-sons  whose  doctrines  led  them  to  use  the  only  decisive  method 
in  such  cases,  the  ohsevvation  and  unfettered  interpretation  of  facts. 

The  history  of  theii'  controversies,  therefore,  does  not  belong  to  our 
design.  For  like  reasons  we  do  not  here  ^eak  of  other  authors,  who 
opposed  the  scholastic  philosophy  on  geneial  theoietical  grounds  of 
various  kinds.  Such  examples  of  insurrection  agamit  the  dogmatism 
which  we  have  been  reviewing,  are  extiemely  interestmg  events  in  the 
history  of  the  philosophy  of  science  But,  m  the  [resent  work,  we 
are  to  confine  ourselves  to  the  history  ot  science  itself  ;  in  the  hope 
that  we  may  thus  be  able,  hereaftei  to  throw  a  steadier  light  upon 
that  philosophy  by  which  the  succession  ot  siationary  and  progressive 
periods,  which  we  are  here  tracing,  may  he  in  some  measure  explained. 
We  are  now  to  close  our  account  of  the  'itat  onary  period,  and  to 
ent«r  upon  the  great  subject  of  the  progress  of  physical  science  in 
modern  times. 

5.  Subjects  omitted.  Civil  Law.  Medicine. — My  object  has  been 
to  make  my  way,  as  rapidly  as  possible,  to  this  period  of  progress ; 
and  in  doing  this,  I  have  had  to  pass  over  a  long  and  barren  track, 
where  almost  all  traces  of  the  right  road  disappear.  In  exploring  this 
region,  it  is  not  without  some  difiiculty  that  he  who  is  travelling  with 
objects  such  as  mine,  continues  a  steady  progi'ess  in  the  proper  direc- 
tion ;  for  many  curious  and  attractive  subjects  of  research  come  in  his 
way :  he  crosses  the  track  of  many  a  controversy,  which  in  its  time 
divided  the  world  of  speculators,  and  of  which  the  resulls  may  be 
traced,  even  now,  in  the  conduct  of  moral,  or  political,  or  metaphysical 
discussions  ;  or  in  the  common  associations  of  thought,  and  forms  of 
language.  The  wars  of  the  Nominalists  and  Realists ;  the  disputes 
concerning  the  foundations  of  morals,  and  the  motives  of  human 
actions ;  the  controversies  concerning  predestination,  free  will,  grace, 
and  the  many  other  points  of  metaphysical  divinity;  the  influence  of 
theology  and  metaphysics  upon  each  other,  and  upon  other  subjects  of 
human  curiosity ;  the  effects  of  opinion  upon  politics,  and  of  political 
condition  upon  opinion;  the  influence  of  literature  and  philosophy 
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upon  each  other,  and  upon  society ;  and  many  other  subjects ;— might 
be  well  worth  examination,  if  our  hope  of  success  did  not  reside  in 
pursning,  steadily  and  directly,  those  inquiries  in  which  we  can  look 
for  a  definit*  and  certain  reply.  We  must  even  neglect  two  of  the 
leading  studies  of  those  times,  which  occupied  much  of  men's  time 
and  thoughts,  and  had  a  very  gieat  inSuence  on  society ;  the  one 
dealing  with  Notions,  the  other  with  Things ;  the  one  employed  ahout 
moral  rules,  the  other  about  material  causes,  but  both  for  practical 
ends  ;  I  mean  the  study  of  the  Civil  Zttw,  and  of  Medicine.  The  second 
of  these  studies  will  hereafter  come  before  us,  as  one  of  the  principal 
occasions  which  led  to  the  cultivation  of  chemistry;  hut,  in  itself,  its 
progress  is  of  too  complex  and  indefinite  a  nature  to  be  advantageously 
compared  with  that  of  the  mora  exact  sciences.  The  Eoman  Law  is 
held,  by  its  admirers,  to  be  a  system  of  deductive  science,  as  exact  as 
the  raathematioai  sciences  themselves  ;  and  it  may,  therefore,  be  useful 
to  consider  it,  if  we  should,  in  the  sequel,  have  to  examine  how  far 
there  can  exist  an  analogy  between  moral  and  physical  science.  But 
after  a  few  more  words  on  the  middle  ages,  we  must  return  to  our 
task  of  tracing  the  progress  of  the  latter. 


CHAPTER  V. 
Peogkess  Of  THE  Aei's  ja  the  MinpLr  A(  i,^ 

ART  AND  SoiBNCB. — I  shall,  before  I  resume  the  historj  ot  science 
say  a  few  words  on  the  subject  described  m  the  title  of  this 
chapter,  both  because  I  might  otherwise  be  accused  ct  domsr  injustice 
to  the  period  now  treated  of;  and  also,  because  we  shill  ly  this  means 
bring  under  our  notice  some  circumstances  which  were  important  as 
being  the  harbingers  of  the  revival  of  progressive  knowledge. 

The  accusation  of  injustice  towards  the  state  of  scienoo  in  the  mid- 
dle ages,  if  we  were  to  terminate  our  survey  of  them  with  what  has 
hithprto  been  said,  might  be  urged  from  obvious  topics.  How  do  we 
recognize,  it  might  be  ieked,  in  a  picture  of  mere  confusion  and  mys- 
ticism of  thought,  of  servility  and  dogmatism  of  character,  the  powers 
and  acquirements  to  which  wo  owe  so  many  of  the  most  important  in- 
ventions which  we  now  enjoy  ?  Parchment  and  paper,  printing  and 
engraving,  improved  glass  and  ateei,  gunpowder,  clocks,  i 


Ho.ted  by  Google 


240  PHYSICAL  SCIENCE  IN  THE  MIDDLE  AGES. 

the  mariner's  compass,  tte  reformed  calendar,  the  decimal  notatioa, 
algebra,  trigonometry,  chemistry,  counterpoint,  an  invention  equivalent 
to  a  new  creation  of  music; — these  are  all  poBsessions  which  we  inherit 
from  that  which  has  been  so  disparagingly  termed  the  Stationary  Pe- 
riod. Above  all,  let  ua  look  at  the  monuments  of  architecture  of  this 
period ;— the  admiration  and  the  despair  of  modem  architects,  not  only 
for  their  beauty,  but  for  the  still  disclosed  in  theii-  construction.  With 
all  these  evidences  before  us,  how  can  we  avoid  allowing  that  the  mas- 
ters of  the  middle  ages  not  only  made  some  small  progress  in  Astron- 
omy, which  has,  grudgingly  as  it  would  seem,  been  admitted  in  a  former 
Boot;  but  also  thai  they  were  no  small  proflcionte  in  other  sciences, 
in  Optics,  in  Harmonics,  in  Physics,  and,  above  all,  in  Mechanics? 

If,  it  may  be  added,  wo  are  allowed,  in  the  present  day,  to  refer  to 
the  perfection  of  our  arts  as  evidence  of  tho  advanced  state  of  our 
physical  philosophy ; — if  our  steam-engines,  our  gas-illumination,  our 
buildings,  our  navigation,  onr  manufactures,  are  cited  as  triumphs  of 
science; — shall  not  prior  inventions,  made  under  far  heavier  disadvan- 
tages,— shall  not  greater  works,  produced  in  an  earlier  state  of  knowl- 
edge, also  be  admitted  aa  witnesses  that  the  middle  ages  had  their 
share,  and  that  not  a  small  or  doubtful  one,  of  science? 

To  these  questions  I  answer,  by  distinguishing  between  Art,  and 
Science  in  that  sense  of  general  Inductive  Systematic  Truth,  which  it 
bears  in  this  work.  To  separate  and  compare,  with  precision,  these 
two  processes,  belongs  to  the  Philosophy  of  Induction ;  and  the  attempt 
must  be  reserved  for  anotJier  place ;  but  the  leading  differences  are 
sufficiently  obvious.  Art  is  practical.  Science  is  speculative  :  the  for- 
mer is  seen  in  doing ;  the  latter  rests  in  the  contemplation  of  what  is 
known.  The  art  of  the  builder  appeal*  in  his  edifice,  though  he  may 
never  have  meditated  on  tiie  abstract  propositions  on  which  its  stability 
and  strength  depends.  The  Science  of  the  mathematical  mechanician 
consists  in  his  seeing  that,  under  certain  conditions,  bodies  must  sustain 
each  othei''s  pressure,  though  he  may  never  have  applied  his  knowledge 
in  a  single  case. 

Now  the  remark  which  I  have  to  make  is  this : — in  all  eases  the 
Arts  are  prior  to  the  related  Sciences.  Art  is  the  parent,  not  the 
progeny,  of  Science ;  the  realization  of  principles  in  practice  forms 
part  of  the  prelude,  as  well  aa  of  the  sequel,  of  theoretical  discovery. 
And  thus  the  inventions  of  the  middle  ages,  which  have  been  above 
enumerated,  though  at  the  present  day  they  may  be  portions  of  our 
no  evidence-that  the  sciences  then  existed;  but  only  that 
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tliose  powers  of  practical  observation  and  practical  skill  were  at  work, 
whioli  prepare  tlie  way  for  theoretical  views  and  scientific  discoveries. 
It  may  be  lu'ged,  that  the  great  worts  of  art  do  virtually  take  for 
granted  principles  of  science ;  and  that,  therefore,  it  is  nnreasonable  to 
deny  science  to  great  artists.  It  may  be  said,  that  the  grand  sti'uctures 
of  Cologne,  or  AmieDs,  or  Canterbury,  could  not  Lave  been  erected 
without  a  profound  knowledge  of  mechanical  principles. 

To  this  we  reply,  that  mek  knowledge  is  manifestly  not  of  tie  nature 
of  that  which  we  call  science.  If  the  beautiful  and  skilful  structures 
of  the  middle  ages  prove  that  mechanics  then  existed  as  a  science, 
mechanics  must  have  existed  as  a  science  also  among  the  builders  of 
the  Cyclopean  walls  of  Greece  and  Italy,  or  of  our  own  Slonehenge ; 
for  the  masses  which  are  there  piled  on  each  other,  could  not  be  raised 
without  considerable  mechanical  skill.  But  we  may  go  much  further, 
Tht  f         ym        h         =ie        dblces  weights,  or  walks 

i  qniHbriuni ;  and  even 
!  jrinciples.  Are  these, 
!  Again,  if  actions 
f  mechanical  properties 
h  s,  they  must  also  be 
f  geometry,  when  they 
B  t  th  m  st  familiar  actions  of 
1  t  ths.  The  Epicureans 
i,  that  even  asses  knew  that  two  sides  of  a 
]ho  third.  And  animals  may  truly  be  said 
to  Lave  a  practical  knowledge  of  this  truth ;  but  they  have  not,  there- 
fore, a  science  of  geometry.  And  in  like  manner  among  men,  if  we 
consider  the  matter  strictly,  a  practical  assumption  of  a  principle  does 
not  imply  a  speculative  knowledge  of  it. 

We  may,  in  another  way  also,  show  how  inadmissible  are  the  works 
of  the  Master  Artists  of  the  middle  ages  into  the  series  of  events  which 
mark  the  advance  of  Science.  The  following  maxim  is  apphcable  to 
a  history,  such  as  we  are  here  endeavoring  to  write.  "VYe  are  employed 
in  tracing  the  progrera  of  such  general  principle  as  constitute  each  of 
the  sciences  which  we  are  reviewing;  and  no  facts  or  subordinate 
truths  belong  to  our  scheme,  except  so  far  as  they  lead  to  or  are 
included  in  these  higher  principles;  nor  are  they  important  to  us,  any 
further  than  as  they  prove  such  pniiciplea.  Now  with  regard  to  pro- 
cesses of  art  like  tliose  which  we  have  referred  to,  namely,  the  inven- 
tions of  the  middle  ages,  let  us  ask,  what  principle  each  of  them 
Vol,  I.— 16 
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illustrates  ?  What  chemical  doctrine  rests  for  its  support  on  the 
phenomena  of  gunpowder,  or  glass,  or  steel?  What  new  harmonieal 
truth  was  illustrated  in  the  Gregorian  chant?  What  mechanical 
principle  unknown  to  Archimedes  was  displayed  in  the  printing-press  ? 
The  practical  value  and  use,  the  ingenuity  and  skill  of  these  inventions 
is  not  qaestioned  ;  but  what  is  their  place  in  the  history  of  speculative 
knowledge !  Even  in  those  cases  in  which  they  enter  into  such  a 
history,  tow  minute  a  figure  do  they  make !  how  great  is  the  contrast 
between  their  practical  and  theoretical  importance!  They  may  in 
their  operation  have  changed  the  face  of  the  world ;  but  io  the  history 
of  the  principles  of  the  sciences  to  which  they  belong,  they  may  he 
omitted  without  being  missed. 

As  to  that  part  of  the  objection  which  was  stated  by  asking,  why, 
if  the  arts  of  our  age  prove  its  scientific  eminence,  the  arts  of  the 
middle  ages  should  not  be  received  as  proof  of  theirs ;  we  must  reply 
to  it,  by  giving  up  some  of  the  pretensions  which  are  often  put  for- 
wards on  behalf  of  the  science  of  our  times.  The  perfection  of  the 
mechanical  and  other  arts  among  us  proves  the  advanced  condition  of 
our  sciences,  only  in  so  far  as  these  arts  have  been  perfected  by  the 
apphcation  of  some  great  scientific  truth,  with  a  clear  insight  into  its 
nature.  The  greatest  improvement  of  the  steam-engine  was  due  to 
the  steady  apprehension  of  an  atmological  doctrine  by  Watt ;  but 
what  distinct  theoretical  principle  is  illustrated  by  the  beautiful  man- 
ufactures of  porcelain,  or  steel,  or  glass  ?  A  chemical  view  of  these 
compounds,  wliioh  would  explain  the  conditions  of  success  and  failure 
in  their  manufaeture,  would  be  of  great  value  in  art ;  and  it  would  also 
be  a  novelty  in  chemical  theory ;  so  little  is  the  present  condition  of 
those  processes  a  triumph  of  science,  shedding  intellectual  glory  on 
our  age.  And  the  same  might  be  said  of  many,  or  of  most,  of  the 
processes  of  the  arts  as  now  practised. 

2.  Arabian  Science. — Having,  I  trust,  established  the  view  I  have 
stated,  respecting  the  relation  of  Art  and  Science,  we  shall  be  able 
very  rapidly  to  dispose  of  a  number  of  subjects  which  otherwise  might 
seem  to  require  a  detailed  notice.  Though  this  distinction  has  been 
recognized  by  others,  it  has  hardly  been  rigorously  adhered  to,  in  con- 
sequence of  the  indistinct  notion  of  science  which  has  commonly  pre- 
vailed. Thus  Gibbon,  in  speaking  of  the  knowledge  of  the  period  now 
under  our  notice,  says,'  "Much  useful  experience  had  been  acquired  in 

1  Sen^/Tks  and  Ihll,  vol.  x,  p.  43. 
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the  practice  of  arts  and  manufactures ;  but  the  science  of  chemistry 
owes  its  origio  and  improvement  to  the  industry  of  tlia  Saracens. 
They,"  he  adds,  "first  invented  and  named  the  alembic  for  the  pur- 
poses of  distillation,  analyzed  the  substances  of  the  three  kingdoms  of 
nature,  tried  the  distinction  and  afBnities  of  alkalies  and  acids,  and  con- 
verted the  poisonous  minerals  into  soft  and  saJutary  medicines."  The 
formation  and  realiBation  of  the  notions  of  analysis  and  of  a0nity, 
were  important  steps  in  chemical  science,  which,  aa  I  shall  hereafter 
endeavor  to  show,  it  remained  for  the  chemists  of  Europe  to  make  at 
a  much  later  period.  If  the  Arabians  had  done  this,  they  might  with 
justice  have  been  called  the  authors  of  the  science  of  chemistry ;  hut 
no  doctrines  can  be  adduced  from  their  works  which  give  them  any 
title  to  this  eminent  distinction.  Their  claims  are  dissipated  at  once 
by  the  application  of  the  maxim  above  stated.  What  analysis  of  theirs 
tended  to  establish  any  received  principle  of  chemistry !  What  true 
doctrine  concerning  the  differences  and  affinities  of  acids  and  alkalies 
did  they  teach !  We  ueed  not  wonder  if  Gibbon,  whose  views  of  the 
boundaries  of  scientific  chemistry  were  probably  very  wide  and  indis- 
tinct, could  include  the  arts  of  the  Arabians  within  its  domain ;  but 
they  cannot  pass  the  frontier  of  science  if  philosophically  defined,  and 
steadily  guarded. 

The  judgment  which  we  are  thus  led  to  form  respecting  the  chemi- 
cal knowledge  of  the  middle  ages,  and  of  the  Arabians  in  particular, 
may  serve  to  measure  the  condition  of  science  in  other  departments; 
for  chemistry  has  justly  been  considered  one  of  their  strongest  points. 
In  botony,  anatomy,  zoology,  optics,  acoiKtics,  we  have  still  the  same 
observations  to  make,  that  the  steps  in  science  which,  ia  the  order  of 
progress,  next  followed  what  the  Greets  had  done,  were  left  for  the 
Europeans  of  the  sixteenth  and  seventeenth  centuries.  The  merits  and 
advances  of  the  Arabian  philosophers  in  astronomy  and  pure  mathe- 
matics, we  have  already  described. 

3.  Si^erimenlal  Philosophy  of  the  Arabians. — The  estimate  to  which 
we  have  thus  been  led,  of  the  scientiSc  merits  of  the  learned  men  of 
the  middle  ages,  is  much  less  exalted  than  that  which  has  been  formed 
by  many  writers ;  and,  among  the  rest,  by  some  of  our  own  time.  But 
I  am  persuaded  that  any  attempt  to  answer  the  questions  just  asked, 
will  expose  the  untenable  nature  of  the  higher  claims  which  have  been 
advanced  in  favor  of  the  Arabians.  We  can  deliver  no  just  decision, 
except  we  will  consent  to  use  the  terms  of  science  in  a  strict  and  pre- 
cise sense :  and  if  we  do  this,  we  shall  find  little,  either  in  the  particu- 
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lar  discoveries  or  general  processes  of  tie  Arabians,  wliicli  is  ImportaDt 
in  the  history  of  the  Inductive  Sciences,' 

The  credit  due  to  the  Arabians  for  improvements  in  tie  general 
methods  of  philosophizing,  is  a  more  difficult  question ;  and  cannot  be 
discussed  at  length  by  na,  till  we  exaniino  the  history  of  such  methods 
in  the  abstract,  which,  in  the  present  work,  it  is  not  our  intflntion  to  do. 
But  we  may  observe,  that  we  cannot  agree  with  those  who  rank  their 
merits  high  in  this  respect.  We  have  already  seen,  that  their  minds 
were  completely  devoured  by  the  worst  habits  of  the  stationary  period, — 
Mysticism  and  Commentation.  They  followed  tkeir  Greek  leaders,  for 
the  most  part,  with  abject  servility,  and  witt  only  tbat  kind  of  acuteness 
and  independent  speculation  which  the  Commentator's  vocation  im- 
phes.   And  in  their  choice  of  the  standard  subjects  of  their  studies,  they 


fixed  upon  those  works,  the  Physi 
never  promoted  the  progress  of 
men  to  refute  them :  an  effect  v 


ical  Books  of  Aristotle,  which  ia\ 

they  incited 
ich  they  never  produced  on  the  Ara- 


bians. That  the  Arabian  astronomers  made  some  advances  beyond 
the  Greeks,  we  have  already  stated :  the  two  great  instances  are,  the 
discovery  of  the  Motion  of  the  Sun's  Apogee  by  Albategnius,  and  the 
discovery  (recently  brought  to  light)  of  the  existence  of  the  Moon's 
Second  Inequality,  by  Aboul  Wefa.  But  we  cannot  but  observe  in  how 
different  a  manner  they  treated  these  discoveries,  from  that  with  which 
Hipparchus  or  Ptolemy  would  have  done.  The  Variation  of  the  Moon, 
in  particular,  instead  of  being  incorporated  into  the  system  by  means 
of  an  Epicycle,  as  Ptolemy  had  done  with  the  Evection,  was  allowed, 
almost  immediately,  so  far  as  we  can  judge,  to  fall  into  neglect  and 
oblivion :  so  little  were  the  learned  Arabians  prepared  to  take  their 
lessons  from  observation  as  well  as  from  books.  That  in  many  sub- 
jects they  made  experiments,  may  easily  be  allowed  :  there  never  was 
a  period  of  the  earth's  history,  and  least  of  all  a  period  of  commerce 


'  If  I  might  taie  the  liberty  of  criticising  an  author  who  has  given  a  very  inter- 
asUiig  view  of  tlie  periocl  in  queslioc  {Mahemetamsm  Viitdled,  by  the  Eev.  Charles 
ForBter,  1829),  I  would  remark,  that  in  his  work  this  caution  is  perhaps  too  little 
observed.    Thus,  he  aays,  in  apeaking  of  Alhaaen  (vol.  ii.  p.  3T0),  "the  theory  of 


the  telescope  may  be  fbnnd 

n  the  work  of  this  satron 

mer;"  and  of  another,  "the 

d  tel    cop         d  th 

"  ■     f  their  conetruotioa, 

W    k        E  g      B 

truth  and  clearness 

rs      adm!                   S 
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and  manufactures,  luxury  and  art,  medicine  and  engineering,  in  which 
there  were  not  going  on  innumarahle  proerases,  which  may  bo  termed 
Experiments ;  and,  in  addition  to  these,  the  Arabians  adopted  the  pur- 
suit of  alchemy,  and  the  love  of  exotic  plants  and  animals.  But  so  far 
from  their  being,  as  has  been  maintained,'  a  people  whose  "esperi- 
mental  intellect"  fitted  them  to  form  sciences  which  the  "  abstract  in- 
tellect" of  the  Greets  failed  in  producing,  it  rather  appears,  that  several 
of  the  sciences  which  the  Greolts  had  founded,  were  never  even  com- 
prehended by  the  ArabiaEs,  I  do  not  know  any  evidence  that  these 
pupils  ever  attained  to  understand  the  real  principles  of  Mechanics, 
Hydrostatics,  and  Harmonics,  which  their  masters  had  established.  At 
any  rate,  when  these  sciences  again  became  progressive,  Europe  had 
to  start  where  Europe  had  stopped.  There  is  no  Arabian  name  which 
any  one  has  thought  of  interposing  between  Archimedes  tlie  ancient, 
and  Stevinus  and  Gilileo  the  moderns. 

i  Soger  Macon  — There  is  one  writer  of  the  middle  ages,  on  whooa 
mu(h  «tTe'3  has  been  laid,  and  who  was  certainly  a  most  remarkable 
perscn  Roger  Bacon's  works  are  not  only  so  far  beyond  his  age  in 
the  knowledge  which  they  contain,  but  so  different  from  the  temper  of 
the  bme*  in  his  issertion  of  the  supremacy  of  experiment,  and  in  his 
ontemj-htion  of  the  future  progress  of  knowledge,  that  it  is  difBcnlt 
to  conceive  how  such  a  character  could  then  exist.  That  he  received 
much  of  his  knowledge  from  Arabic  writers,  there  can  be  no  doubt ; 
for  they  were  la  his  time  the  repositories  of  ill  traditionary  knowledge. 
But  that  he  derived  from  thera  1  s  d  sposit  on  f  o  shake  off  the  author- 
ity of  Aristotle,  to  maintain  the  imp  itance  of  experiment,  and  to  look 
upon  knowledge  as  in  its  infancy  I  cinnot  believe,  because  I  have  not 
myself  hit  upon,  nor  seen  quoted  by  others  any  passages  in  which 
Arabian  writers  express  such  a  d  spo«  tion  On  the  other  hand,  we  do 
find  in  European  writers  m  the  anthois  of  Gieece  and  Eome,  the 
solid  sense,  the  bold  and  hopeful  4  it  which  suggest  such  tendendes. 
We  have  already  seen  that  An  tolle  as=crts  is  distinctly  as  words  can 
expreii,  that  all  knowledge  muat  depend  on  observation,  and  that 
science  must  be  collected  from  facts  by  mluction  We  have  seen,  too, 
that  the  Eomau  writers  md  Seneca  in  paiticular,  speak  with  an  en- 
thuonstic  confidence  of  the  pr  grcss  which  science  must  make  in  the 
course  ot  ages.  When  Koger  Bacon  holds  similar  language  in  the 
thirteenth  century,  the  lesembhncp  is  probably  rather  a  sympathy  of 
character,  than  a  matter    f  d  ei,t  den  ition    hut  I  know  of  nothing 
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wliich  proves  even  so  jnueh  as  tiiis  sympathy  in  the  case  of  Arabian 
philosophers. 

A  good  deal  haia  beea  said  of  late  of  the  coinddeneea  between  his 
views,  and  those  of  his  great  namesake  in  later  times,  Francis  Bacon.^ 
The  resemblances  consist  mainly  in  such  points  as  I  have  just  noticed ; 
and  we  cannot  but  acknowledge,  that  many  of  the  expressions  of  the 
Franciscan  Friar  remind  ns  of  the  large  thoughts  and  lofty  phrases  of 
the  Philosophical  Chancellor.  How  far  the  one  can  be  considered  as 
having  anticipated  the  method  of  the  other,  we  shall  examine  more 
advantageously,  when  wo  como  to  consider  what  the  character  and 
etFect  of  Francis  Bacon's  works  really  aro.' 

6.  Architecture  of  the  Middle  Ages. — But  tbough  wo  are  thus  com- 
peLed  to  disallow  several  of  the  claims  which  have  been  put  forwards 
in  support  of  the  scientific  character  of  the  middle  ages,  there  are  two 
points  in  which  we  may,  I  conceive,  really  trace  the  progress  of  scien- 
tific ideas  among  them  ;  and  wHoi,  therefore,  may  be  considered  as 
the  prelude  to  the  period  of  discovery.  I  mean  their  practical  archi- 
tecture, and  their  architectural  treatises. 

In  a  previous  chapter  of  this  book,  we  have  endeavored  to  explain 
how  the  indistinctness  of  ideas,  which  attended  the  decline  of  the 
Eoman  empire,  appears  in  the  forms  of  their  architecture ; — in  the 
disregard,  which  the  decorative  construction  exhibits,  of  the  necessary 
mechanical  conditions  of  support.  The  original  scheme  of  Greek  or- 
namental architecture  had  been  horizontal  masses  resting  on  vertical 
columns :  when  the  arch  was  introduced  by  the  Eomans,  it  was  con- 
cealed, or  kept  in  a  state  of  subordination :  and  the  lateral  support 
which  it  required  was  supplied  latently,  marked  by  some  artifice. 
Bat  the  struggle  between  the  mechanical  and  the  decorative  construc- 
tion' ended  in  the  complete  disorganization  of  the  classical  style.    The 


*  HoUam's  Middle  Agei,  iii.  6ii.    Torster'a  Mahom.  U.  ii.  SIS. 

"  In  the  ritUoiophy  ijf  fKe  InduoHiie  Saiemxs,  I  htive  given  an  account  at  consider- 
able lenEtli  of  Eoger  Bacon's  mode  of  treating  Arts  and  Sdenees ;  and  have  also 
compared  more  fnlly  hia  philosophy  with  that  of  Ftamas  Bacon ;  and  I  have  ^ven 
a  riew  of  the  bearing  of  this  latter  upon  the  progress  of  Science  in  modern  times. 
See  J'AU.  lad.  Sc  booksii.  chaps.  7  and  11.  See  also  the  Appendix  to  this  volume. 

«  See  Mr.  Willis's  admirable  Semarts  on  t/ie  ArcMtectureofthe  Middle  Ages,  chap.  ii. 

Since  tie  publication  of  ni  J  first  edition,  Mr.  Willia  has  Bhown  that  muoh  of  the 
"  maeon-craft"  of  the  middle  ages  consisted  in  the  gaomotrioal  methods  by  which 
the  artists  wrought  out  of  Hia  blocks  the  complei  forma  of  their  deeorntlvo  system. 

To  the  general  indistinctness  of  speoulalJve  notions  on  mechanical  subjects 
prevalent  in  the  middle  ages,  there  may  have  been  eome  exceptions,  and  espe- 
cially so  long  as  there  were  rondcra  of  Archimedes.    Soethins  had  translated  tlie 
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inconsistencies  and  extravagances,  of  which  we  have  noticed  the  occur- 
rence, were  results  and  indications  of  the  fall  of  good  architecture. 
The  elements  of  the  ancient  system  had.  lost  all  principle  of  connection 
and  regard  to  rule.  Building  became  not  only  a  mere  art,  but  an  art 
exercised  by  masters  without  skill,  and  without  feeling  for  real  beauty. 

When,  after  this  deep  decline,  architecture  rose  again,  as  it  did  in  the 
twelfth  and  succeeding  centuries,  in  the  exquisitely  beautiful  and  skilful 
forms  of  the  Gothic  style,  what  was  the  nature  of  the  change  which 
had  taken  place,  BO  far  asitbearsnpon  the  progress  of  science?  It  was 
this  :— the  idea  of  true  moohauical  relations  in  an  edifice  had  been  re- 
vived in  men's  minds,  as  far  as  was  requisite  for  the  purposes  of  art  and 
beauty :  and  this,  though  a  very  different  thing  from  the  possession  of 
the  idea  as  an  element  of  speculative  science,  was  the  proper  preparation 
for  that  acquisition.  The  notion  of  support  and  sf  ability  again  became 
conspicuous  in  the  decorative  construction,  and  universal  in  the  forms 
of  building.  The  eye  which,  looking  for  beauty  in  definite  and  signi- 
ficant relations  of  parts,  is  never  satisfied  except  the  weights  appear  to 
be  duly  supported,'  was  again  gratified.  Architecture  throw  off  its 
barbarous  characters  i  new  decorative  construction  was  matured,  not 
thwarting  and  contrcU  ng  but  assisting  and  harmonizing  with  the  me- 
chanical construct  on  Al!  the  ornamental  parts  were  made  to  enter 
into  the  apparent  con  tructi  n.  Every  member,  almost  every  mould- 
ing, became  a  suata  i  er  of  weight ;  and  by  the  mnltiplicity  of  props 
assisting  each  other,  and  the  consequent  subdivision  of  weight,  the  eye 
was  satisfied  of  the  stability  of  the  structure,  notwithstanding  the  cu- 
riously slender  forms  of  the  separate  parts.  The  arch  and  the  vault, 
no  longer  trammelled  by  an  incompatible  system  of  decoration,  hut 
favored  by  more  tractable' forms,  were  only  limited  by  the  skill  of  the 
builders.  Every  thing  showed  that,  practically  at  least,  men  possessed 
and  applied,  with  steadiness  and  pleasure,  the  idea  of  mechanical  pres- 
sure and  support. 

The  possession  of  this  idea,  as  a  principle  of  art,  led,  in  the  course 
of  time,  to  its  speculative  development  as  the  foundation  of  a  science ; 

DieGhanical  norks  of  Archimedes  inta  Luljii,  ss  we  lenrn  from  the  enumeralion  ot 
Mb  work  by  his  friend  Caesiodorus  (  Variai;  hb.  i.  cap.  46),  "  Jln^nscum  etiam 
Archimedem  latiulem  Eieniis  reddidisti."  Bnt  Meiihmiinua  was  uacd  ii)  tlioae  times 
ratlier  far  one  skilled  in  tlie  art  of  conetrncUng  wonderful  tuaohines  Chan  in  the 
Bpecnlative  theory  of  them.  The  letter  from  which  the  qnotatioa  is  taken  is  sent 
by  King  Theodorio  to  Eo6tbiu9,  to  urge  him  to  send  the  king  a  water-olock. 

'  "Willis,  pp.  15-21.  I  have  thronghont  this  description  of  the  formation  of  the 
Gothic  style  availed  myself  of  Mr,  'Willis'a  well-chosen  csprasaions. 
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and  thus  Architecture  prepared  the  way  for  Mechanics.  But  this  ad- 
vance required  several  centuries.  The  interval  between  the  admirable 
cathedrals  of  Salisbury,  Amicus,  Cologne,  and  the  mechanical  treatises 
of  Stevinua,  is  not  less  than  three  hundred  ye'ifa  Dunng  this  time, 
men  were  advancing  towards  science ;  but  iu  the  mean  time,  -iud  per- 
haps from  the  very  beginniag  of  the  time,  art  hid  begun  to  decline. 
The  buildings  of  the  fifteenth  century,  erected  when  the  pnncipies  of 
mechanii^l  support  were  just  on  the  verge  of  being  enunciated  in  gen- 
eral terms,  exhibit  those  principles  with  a  far  le'a  impressive  simplicity 
and  elegance  than  those  of  the  thirteenth  "We  may  hereafter  inquire 
whether  we  find  any  other  examples  to  countenance  the  belief,  that  the 
formation  of  Science  is  commonly  accompanied  by  the  decline  of  Art. 

The  leading  priucipie  of  the  style  of  the  Ciothic  edificfls  was,  not 
merely  that  the  weights  were  supportci,  but  that  they  were  seen  to  be  so ; 
and  that  not  only  the  mechanical  relations  of  the  larger  masses,  but  of 
the  smaller  members  also,  were  displayed.  Hence  we  cannot  admit,  as 
an  origin  or  anticipation  of  the  Gothic,  a  style  in  which  this  principle 
is  not  manifested.  I  do  not  see,  in  any  of  the  i-epresentations  of  the 
early  Arabic  buildings,  that  distributiou  of  weights  to  supports,  and 
that  mechanical  consistency  of  parts,  which  would  elevate  them  above 
the  character  of  barbarous  architecture.  Their  masses  are  broken  into 
innumerable  members,  without  subordination  or  meaning,  in  a  man- 
ner suggested  apparently  by  caprice  and  the  love  of  the  marvellous. 
"  In  the  construction  of  their  mosques,  it  was  a  favorite  artifice  of  the 
Arabs  to  sustain  immense  and  ponderous  masses  of  stone  by  the  sup- 
port of  pillars  so  slender,  that  the  incumbent  weight  seemed,  as  it  were, 
r  by  an  invisible  hand.'"  This  pleasure  in  the  coo- 
a  very  general  disposition  among 
mankind;  but  it  appears  to  belong  to  the  infancy,  rather  than  the  ma- 
turity of  intellect.  On  the  other  hand,  the  pleasure  in  the  contempla- 
tion of  what  is  clear,  the  craving  for  a  thorough  insight  into  the  rea- 
sons of  things,  which  marks  tho  European  mind,  is  the  temper  which 
leads  to  science. 

6.  Treatises  on  Architecture. — No  one  who  has  attended  to  the 
architecture  which  prevailed  in  England,  France,  and  Germany,  from 
the  twelfth  to  the  fifteenth  century,  so  fai-  as  to  comprehend  its  beauty, 
haimony,  consistency,  and  uniformity,  even  in  the  minutest  parts  and 
most  obscure  relations,  can  look  upon  it  otherwise  than  as  a  remark- 

=  MahoraHanism,  T/nmikd,  ii.  255. 
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ably  connecled  and  definite  artificial  system.  Nor  can  wo  donbt  that 
it  was  exercised  by  a  class  of  artists  who  formed  ttemaelves  by  laborious 
study  and  practice,  and  by  communication  with,  each  other.  There 
must  have  been  bodies  of  masters  and  of  scholars,  discipline,  traditions, 
precepts  of  art.  How  these  associated  artists  diffused  themselves  over 
Europe,  and  whether  history  enables  us  to  trace  them  in  a  distinct 
form,  I  shall  not  here  discuss.  But  the  existence  of  a  courae  of  instrac- 
iJon,  and  of  a  body  of  rules  of  practice,  is  proved  beyond  dispute  by 
the  great  aeries  of  European  cathedrals  and  churches,  so  nearly  iden- 
tical in  their  general  arrangements,  and  in  their  particular  details. 
The  question  then  occurs,  have  tkese  rules  and  this  system  of  instruc- 
tion anywhere  been  committed  to  writing !  Can  we,  by  such  evidence, 
trace  the  progress  of  the  scientific  idea,  of  which  we  see  the  worldng 
in  these  buildings  ? 

We  are  not  to  be  surprised,  if,  during  the  most  flourishing  and  vig- 
orous period  of  the  art  of  the  middle  ages,  we  find  none  of  its  precepts 
in  books.  Art  has,  in  all  ages  and  countries,  been  taught  and  trans- 
mitted by  practice  and  verbal  tradition,  not  by  writing.  It  is  only  in 
our  own  times,  that  the  tliought  occurs  as  fiimiliar,  of  committing  to 
books  all  that  we  wish  to  preserve  and  convey.  And,  even  in  our 
own  times,  most  of  the  Arts  arc  learned  far  more  by  practice,  ajid  by 
intercourse  with  practitioners,  than  by  reading.  Such  is  the  case,  not 
only  with  Manufactures  and  Handicrafts,  but  with  the  Kne  Arts,  with 
Engineering,  and  even  yet,  with  that  art,  Building,  of  which  we  are 
now  speaking. 

We  are  not,  therefore,  to  wonder,  if  we  have  no  treatises  on  Archi- 
tecture belon^ng  to  the  great  period  of  the  Gothic  masters; — or  if  it 
appears  to  have  required  some  other  incitement  and  some  other  help, 
besides  their  own  possession  of  their  practical  skill,  to  lead  them  to 
shape  into  a  literary  form  the  precepts  of  the  art  which  they  knew 
so  well  how  to  exercise ; — or  ii,  when  they  did  write  on  such  subjects, 
they  seem,  instead  of  delivering  their  own  sound  practical  principles, 
to  satisfy  themselves  with  pursuing  some  of  the  frivolous  notions  and 
speculations  which  were  then  current  in  the  world  of  letters. 

Such  appears  to  be  the  case.  The  eariiest  treatises  on  Architecture 
come  before  us  under  the  foim  which  the  commentatorial  spirit  of  the 
middle  ages  inspired.  They  are  Translations  of  Vitmvius,  with  Anno- 
tations. In  some  of  these,  particularly  that  of  Ceaare  Cesariano,  pub- 
lished at  Como,  in  1621,  we  see,  in  a  very  curious  manner,  how  the 
habit  of  assuming  that,  in  every  department  of  literature,  the  ancients 
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must  neeSs  be  their  masters,  led  these  writers  to  subordinate  the  mem- 
bers of  their  own  architecture  to  the  precepts  of  the  Roman  iiuthor. 
We  have  Gothic  shafts,  mouldings,  and  arrangements,  given  as  paral- 
lelisms to  others,  which  profess  to  represent  the  Eoman  style,  but 
which  are,  in  fact,  examples  of  that  mixed  manner  which  is  called  the 
style  of  the  Cinque  cento  by  the  Italians,  of  the  Bemtissance  by  the 
French,  and  which  is  commonly  included  in  our  EUsahethan.  But  ia 
the  early  architectural  works,  besides  the  superstitions  and  mistaken 
erudition  which  thus  choked  the  growth  of  real  architectural  doctiines, 
another  of  the  peculiar  elements  of  the  middle  ages  comes  into  view ; 
— its  mysticism.  The  dimensions  and  positions  of  the  various  parts  of 
edifices  and  of  theii-  members,  are  determined  by  drawing  triangles, 
squares,  circles,  and  other  figures,  in  such  a  manner  as  to  bound  them ; 
and  to  these  geometrical  figures  wore  assigned  many  absti'use  signifi- 
cations. The  plan  and  the  front  of  the  Cathedral  at  Milan  are  thus 
represented  in  Cesariano's  work,  bounded  and  subdivided  by  various 
equilateral  triangles ;  and  it  is  easy  to  see,  in  the  earnestness  with 
which  he  points  out  these  relations,  the  evidence  of  a  fanciful  and  mys- 
tical turn  of  thought,' 

We  thus  find  erudition  and  mysticism  take  the  place  of  much  of 
that  development  of  the  architectnral  principles  of  the  middle  ages 
which  would  be  so  interesting  to  us.  Still,  however,  these  works  are 
by  no  means  without  their  value.  Indeed  many  of  the  arts  appear  to 
flourish  not  at  all  the  worse,  for  being  treated  in  a  manner  somewhat 
mystical ;  and  it  may  easily  be,  that  the  relations  of  geometrical  fig- 
ures, for  which  fantastical  reasons  are  given,  may  really  involve  prin- 
ciples of  beauty  or  stability.  But  independently  of  this,  we  find,  in 
the  best  works  of  the  architects  of  all  ages  (including  engineers),  evi- 
dence that  the  true  idea  of  mechanical  pressure  exists  among  them 
more  distinctly  than  among  men  in  general,  although  it  may  not  be 
developed  in  a  scientific  form.  This  is  true  up  to  our  own  time,  and 
the  arts  which  snch  persons  cultivate  could  not  be  successfully  exer- 

Th  p  an  which  he  has  giTon,  fol.  14,  he  has  enUtled  "  lohnographia  Pnnds- 
m  n  iffi  .^idis  bflriaephahe,  Germunico  mora,  i.  Tcigono  ao  Pnriqnailrnto  per- 
tr  Ota,       alinm  ea  qmennnoMHanl  videtur." 

Th  w  k  of  Ceaai-jano  wns  translated  into  German  by  Gaalter  Eivins,  and  pnb- 
ish  d  a  Nuremberg,  m  1548,  undar  the  title  of  VUmnvaa  Teateah,  with  oopias  of 
h  Italian  diagmms.  A  few  years  ago,  in  an  article  in  the  Wiener  Jahi-bmer 
(  — D  .,  1S21),  the  reviewer  maintained,  on  the  authority  of  the  diagrams  in 
E  hoot,  that  Gothio  architecture  had  its  origin  in  Germany  and  not  in  Eng- 
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cised  if  it  were  not  so.  Hence  the  writings  of  architects  aud  cngiEeers 
during  the  middle  ages  do  really  form  a  prelude  to  the  worts  on  scien- 
tific mechanics.  Vitvuvius,  in  his  Architecture,  and  Jnlaus  Frontinus, 
who,  under  Vespasian,  wrote  On  Aquedacls,  of  which  he  was  super- 
intendent, have  transmitted  to  us  the  principal  part  of  what  we  know 
respecting  the  practical  inechaDica  and  hydraulics  of  the  Komans.  In 
modem  times  the  series  is  resumed.  The  eariy  writers  on  architecture 
are  also  writers  on  engineering,  and  often  on  hydrostatics  :  for  exam- 
ple, Leonardo  da  Vinci  wrote  on  the  equilibrium  of  water.  And  thus 
we  are  led  up  to  Stevinus  of  Bruges,  who  was  engineer  to  Prince  Mau- 
rice of  Nassau,  and  inspector  of  the  dytes  in  Holland ;  and  in  whose 
work,  on  the  processes  of  his  art,  is  contained  the  first  clear  modern 
statement  of  the  scientific  principles  of  hydrostatics. 

Having  thus  explained  both  the  obstacles  and  the  prospects  which 
the  middle  ages  offered  to  the  progress  of  science,  I  now  proceed  to 
the  history  of  the  progress,  when  that  progress  was  once  again  rc- 
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.     .     .     Cyclopum  cducta  caminis 

M(enia  conspido,  atque  adverso  fornice  portos. 

His  demum  exoctlg,  perfeeto  muiiere  Divic. 
Devenere  locos  Itetos  et  amccna  vivota 
Fortunfttoram  iiemorum  sedesqne  beatas. 
Lai^ior  hie  campoa  letiier  et  lumine  vesljt 
Purpureo  :  aolemqiie  siium,  sua  Bideva  nonrnt. 

ViKOiL,  j^ii.  vi,  S3' 

They  leave  at  length  the  aiether  gloom,  ttiul  stand 

Before  the  portals  of  a  belter  land  : 

To  happier  plains  they  come,  and  folrer  gvoves, 

The  seats  of  those  whom  heaven,  benignant,  loves ; 

A  blighter  day,  a  bluer  ether,  spreiutx 

Ite  lucid  depths  above  their  &vored  heads  ; 

And,  pulled  from  mists  that  veil  our  earthly  skies, 

Sliinc  suns  iuid  sbiis  unseen  by  movtjil  eyes. 
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INTRODUCTION. 
Of  Formal  and  Physical  Astronomy. 

WE  have  thus  rapidly  traced  the  causes  of  the  almost  complete  blank 
which  the  history  of  physical  science  offers,  from  the  decline  of 
the  Roman  empire,  for  a  thousand  years.  Along  with  the  breaking 
up  of  the  ancient  forms  of  society,  were  broken  up  the  ancient  energy 
of  thinking,  the  clearness  of  idea,  and  steadiness  of  intellectual  action. 
This  mental  declension  produced  a  servile  admiration  for  the  genius  of 
the  better  periods,  and  thus,  the  spirit  of  Comnientation  :  Christianity 
established  the  claim  of  truth  to  govern  the  world ;  and  this  principle, 
misinterpreted  and  combined  with  the  ignorance  and  servility  of  the 
times,  gave  rise  to  the  Dogmatic  System :  and  the  love  of  specnktion, 
finding  no  secure  and  permitted  path  on  solid  ground,  went  off  into 
the  re^ons  of  Mysticism. 

The  causes  which  produced  the  inertness  and  blindness  of  the  sta- 
tionary period  of  human  knowledge,  began  at  last  to  yield  to  the  in- 
fluence of  the  principles  which  tended  to  progression.  The  indistinct 
ness  of  thought,  which  was  the  original  feature  in  the  decline  of  sound 
knowledge,  was  in  a  measure  remedied  by  the  steady  cultivation  of 
Pure  Mathematics  and  Astronomy,  and  by  the  progress  of  inventions 
in  the  Arts,  which  call  out  and  fix  the  distinctness  of  our  conceptions 
of  the  relations  of  natural  phenomena.  As  men's  minds  became  clear, 
they  became  less  servile  :  the  perception  of  the  nature  of  truth  drew 
men  away  from  controversies  about  mere  opinion ;  when  they  saw 
distinctly  the  relations  of  ihings,  they  ceased  to  g^ve  tbeii'  whole  atten- 
tion to  what  had  been  said  concerning  them  ;  and  thus,  as  science  rose 
into  view,  the  spirit  of  commentation  lost  its  way.  And  when  men 
came  to  feel  what  it  was  to  think  for  themselves  on  subjects  of  science, 
they  soon  rebelled  against  the  right  of  others  to  impose  opinions  upon 
them.  When  they  threw  off  their  blind  admiration  for  the  ancients, 
they  were  disposed  to  cast  away  also  their  passive  obedience  to  the 
ancient  system  of  doctrines.  When  they  were  no  longer  inspired  by 
the  spirit  of  commentation,  they  were  no  longer  submissive  to  the  dog- 
matism of  the  schools.     When  they  began  to  fee!  that  they  conid  dis- 
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cover  truths,  tliey  folt  also  a  persuasion  of  a  light  and  a  growing  will 

ThiM  the  revived  clearness  of  ideas,  whicli  made  its  appearance  at 
the  revival  of  letters,  brought  on  a  struggle  with  the  authority,  intel- 
lectual and  civil,  of  the  cstabljslicd  schools  of  philosophy.  This  clear- 
ness  of  idea  showed  itself,  in  the  first  instance,  in  Astronomy,  and  was 
embodied  in  the  system  of  Copernicus;  but  the  contest  did  not  come 
to  a  crisis  till  a  century  later,  in  the  time  of  Galileo  and  other  disciples 
of  the  new  doctrine.  It  is  our  present  business  to. trace  the  principles 
of  this  series  of  events  in  the  history  of  philosophy. 

I  do  not  profess  to  write  a  history  of  Astronomy,  any  further  than  is 
necessary  in  order  to  exhibit  the  principles  on  which  the  progression 
of  science  proceeds ;  and,  therefore,  I  neglect  subordinate  persons  and 
occurrences,  in  order  to  bring  into  view  the  leading  features  of  great 
changes.  Now  in  the  introduction  of  the  Copernican  system  into 
general  acceptation,  two  leading  views  operated  upon  men's  minds ; 
the  consideration  of  the  syst«m  as  exhibiting  the  apparent  motions  of 
the  universe,  and  the  consideration  of  this  system  with  reference  to  its 
causes ; — the  formal  and  the  phyaical  aspect  of  the  Theory ; — the  rela- 
tions of  Space  and  Time,  and  the  relations  of  Force  and  Matter.  These 
two  divisions  of  the  subject  were  at  firat  not  clearly  separated ;  the 
second  was  long  mixed,  in  a  manner  very  dim  and  obscnre,  with  the 
first,  without  appearing  as  a  distinct  subject  of  attention ;  but  at  last  it 
was  extricated  and  treated  in  a  manner  suitable  to  its  nature.  The 
views  of  Copernicus  rested  mainly  on  the  formal  condition  of  the  uni- 
verse, the  relations  of  space  and  time  ;  but  Kepler,  Galileo,  and  others, 
were  led,  by  controversies  and  other  causes,  to  give  a  gradually  in- 
creasing attention  to  the  physical  relations  of  the  heavenly  bodies  ;  an 
impulse  was  given  to  the  study  of  Mechanics  (the  Doctrine  of  Motion), 
which  became  very  soon  an  important  and  extensive  science;  and  in 
no  long  period,  the  discoveries  of  Kepler,  suggested  by  a  vague  but  in- 
tense belief  in  the  phj^cal  connection  of  the  paits  of  the  universe,  led 
to  the  decisive  and  sublime  generalizations  of  Newton. 

The  distinction  oi  formal  aai  pki/sical  Astronomy  thus  becomes 
necessary,  in  order  to  treat  clearly  of  the  discussions  which  the  pro- 
pounding of  the  Copernican  theory  occasioned,  Ijut  it  may  be  ob- 
served that,  besides  this  great  change,  A?tionomj  made  veiy  great 
advances  m  the  sime  path  which  we  have  alieady  been  tracing, 
namely,  thu  determination  of  the  quantities  and  liws  of  the  celestial 
mction"*  m  ao  far   is  they  were  exhibited  b>  the  aULif-nt  theories,  or 
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might  be  represented  by  obvious  modifications  of  those  theories.  I 
speak  of  new  Inequalities,  new  Phenomena,  such  as  Copeniicns,  Gali- 
leo, and  Tycho  Brahe  discovered.  As,  however,  these  were  very  soon 
referred  to  the  Copernioaii  rather  than  the  Ptolemaic  hypothesis,  they 
may  be  considered  as  developments  rather  of  the  new  than  of  the  old 
Theory ;  and  I  shall,  therefore,  treat  of  them,  s^eeably  to  the  plan  of 
the  former  part,  as  the  sequel  of  the  Copemican  Induction. 


Pkbludk  to  the  Ibducuve  Epoch  0¥  Cc 


THE  Doctrine  of  Copernicus,  that  the  Sim  is  the  true  centre  of  the 
celestial  motions,  depends  primarily  upon  the  consideiation  that 
such  a  Bupposition  explains  very  simply  and  completely  ill  the  obvious 
appearapces  of  the  heavens.  In  order  to  see  that  it  does  this  nothing 
more  is  requisite  than  a  distinct  conception  of  the  nature  of  Relative 
Motion,  and  a  knowledge  of  the  principal  Astronomical  Phenomena 
There  was,  therefore,  no  reason  why  such  a  doctrine  might  not  be  dis- 
covered, that  is,  suggested  as  a  theory  plausible  at  first  sight,  long  be- 
fore the  lime  of  Copernicus ;  or  rather,  it  was  impossible  that  this 
guess,  among  others,  should  not  be  propounded  as  a  solntlon  of  the 
appearances  of  the  heavens.  We  are  not,  therefore,  to  be  surprised  if 
we  find,  in  the  earliest  times  of  Astronomy,  and  at  various  succeeding 
periods,  such  a  system  spoken  of  by  astronomers,  and  maintained  by 
some  as  true,  though  rejected  by  the  majority,  and  by  the  principal 
writers. 

When  we  look  back  at  such  a  difference  of  opinion,  having  in  our 
minds,  BS  we  unavoidably  have,  the  dear  and  irresistible  considerations 
by  which  the  Copemican  Doctrine  is  established  for  tts,  it  is  difficult 
for  us  not  to  attribute  superior  sagacity  and  candor  to  those  who  held 
that  side  of  the  question,  and  to  imagine  those  who  clung  to  the  Ptol- 
emaic Hypothesis  to  have  been  blind  and  prejudiced;  incapable  of 
seeing  the  beauty  of  simplicity  and  symmetry,  or  indisposed  to  resign 
ratablished  errors,  and  to  accept  novel  and  comprehensive  truths.  Yet 
in  judging  thus,  we  are  probably  ouraelves  influenced  by  prejudices 
arising  from  the  knowledge  and  received  opinions  of  our  own  times. 
For  is  it,  iti  reality,  clear  that,  before  the  time  of  Copernicus,  the  Selio- 
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centric  Theory  (that  wLich  places  the  centre  of  the  celestial  motions  in 
the  Sun)  had  a  claim  to  assent  so  decidedly  superior  to  the  Geocentric 
Theory,  which  places  the  Earth  in  the  centre  ?  What  is  the  basis  of 
the  heliocentric  theory? — That  tie  relative  motions  are  the  same,  on 
that  and  on  the  other  supposition.  So  far,  therefore,  the  two  hypoth- 
eses are  exactly  on  the  same  footing.  But,  it  is  urged,  on  the  heho- 
centrie  side  we  have  the  advantage  of  sirapUeity  : — true ;  but  we  have, 
on  the  other  side,  the  testimony  of  our  senses ;  that  is,  the  geocentric 
doctrine  (which  asserts  that  the  Earth  rests  and  the  heavenly  bodies 
move)  is  the  obvious  and  spontaneons  interpretation  of  the  appear- 
ances. Both  these  aliments,  simplicity  on  the  one  side,  and  obvious- 
ness on  the  other,  are  vague,  and  we  may  ventuie  to  say,  both  inde- 
cisive. We  cannot  establish  any  strong  preponderancB  ot  probabiIi[j 
in  favor  of  the  former  doctrine,  without  going  much  furtlier  into  the 
arguments  of  the  question. 

Nor,  when  we  speak  of  the  supeiioi  umpltciti/  of  the  Coperniean 
theory,  must  we  forget,  that  though  thii  theory  has  undoubtedly,  in 
this  respect,  a  great  advantage  over  the  Ptolemaic,  yet  that  the  Coper- 
uican  system  itself  is  very  complex,  when  it  undertakes  to  acoonnt,  as 
the  Ptolemwe  did,  for  the  Inequalities  of  the  Motions  of  the  sun, 
moon,  and  planets ;  and,  that  in  the  hands  of  Copernicus,  it  retained 
a  large  share  of  the  eccentrics  and  epicycles  of  its  predecessor,  and,  in 
some  parts,  with  increased  macbinery.  The  heliocentric  theory,  with- 
out these  appendages,  would  not  approach  the  Ptolemaic,  in  the  accu- 
rate explanation  of  facts ;  and  as  those  who  had  placed  the  sun  in  the 
eehtretad  never,  till  the  time  of  Copernicus,  shown  how  the  inequal- 
ities were  to  be  explained  on  that  supposition,  we  may  assert  that 
after  the  promulgation  of  the  theory  of  eceentries  and  epicycles  on  the 
geocentric  hypothesis,  there  was  no  published  heliocentric  theoiy 
which  could  bear  a  comparison  with  that  hypothesis. 

It  is  true,  that  all  the  contrivances  of  epicycles,  and  the  like,  by 
wAich  the  geocentric  hypothesis  was  made  to  represent  the  phenomena, 
were  susceptible  of  an  easy  adaptation  to  a  heliocentric  method,  when 
a  good  mathematician  had  once  jyroposed  to  himself  the  problem :  and 
this  was  precisely  what  Copernicus  undertook  and  executed.  But,  till 
the  appearance  of  his  work,  the  heliocentric  system  had  never  come 
before  the  world  except  as  a  hasty  and  imperfect  hypothesis ;  which 
bore  a  favorable  comparison  with  the  phenomena,  so  long  aa  their 
general  features  only  were  known ;  but  which  had  been  completely 
thrown  into  the  shade  by  the  labor  and  intelligence  bestowed  npon 
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the  Hipparchjan  or  Ptolemaic  theories  by  a  long  aeries  of  great  sstron- 
omers  of  all  civilized  countries. 

But,  though  the  astronomers  who,  before  Copernicus,  held  the  helio- 
centric opinion,  cannot,  on  any  good  grounds,  be  considered  as  much 
more  enlightened  than  their  opponents,  it  is  curious  to  trace  the  early 
and  repeated  manifestations  of  this  view  of  the  universe.  The  distinct 
assertion  of  the  heliocentric  theory  among  the  Greets  is  an  evidence 
of  the  clearness  of  their  thoughts,  and  the  vigor  of  their  minds  ;  and 
it  is  a  proof  of  tlie  feebleness  and  servility  of  intellect  in  the  stationary 
period,  that,  till  the  period  of  Copernicus,  no  one  was  found  to  try  the 
fortune  of  this  hypothesis,  modified  according  to  the  improved  astro- 
nomical knowledge  of  the  time. 

The  most  ancient  of  the  Greek  philosophers  to  whom  the  ancients 
ascribe  the  heliocentric  doctrine,  is  Pythagoras ;  but  Diogenes  Laer- 
tius  makes  Philolans,  one  of  the  followers  of  Pythagoras,  the  first 
author  of  this  doctrine.  We  learn  from  Archimedes,  that  it  was  held 
by  his  contemporary,  Aristarehus.  "  Aristarchus  of  Saraos,"  says  he," 
"makes  this  supposition, — that  the  fixed  stars  and  the  snn  remain  at 
rest,  and  that  the  earth  revolves  round  the  snn  in  a  circle."  Plutarch' 
asserts  that  this,  which  was  only  a  hypothesis  in  the  hands  of  Aris- 
tarchus, was  proved  hy  Seleuc.us;  but  we  may  venture  to  say  that,  at 
that  time,  no  such  proof  was  possible.  Aristotle  had  recognized  the 
existence  of  this  doctrine  by  arguing  against  it.  "  All  things,"  says 
he,'  "  tend  to  the  centre  of  the  earth  and  rest  there,  and  therefore 
the  whole  mass  of  the  earth  cannot  rest  except  there."  Ptolemy  had 
in  hke  manner  argued  against  the  diurnal  motion  of  the  earth ;  sneh 
a  revolution  would,  he  urged,  disperse  into  surrounding  apace  all  the 
loose  parts  of  the  earth.  Tet  he  allowed  that  such  a  supposition  would 
facilitate  the  explanation  of  some  phenomena.  Cicero  appears  to  make 
Mercury  and  Venus  revolve  about  the  sun,  as  does  Martianus  Capella 
at  a  later  period ;  and  Seneca  says,*  it  is  a  worthy  subject  of  contem- 
plation, whether  the  earth  be  at  rest  or  in  motion  :  but  at  this  period, 
as  we  may  see  from  Seneca  himeolf,  that  habit  of  intellect  which  was 
requiate  for  the  solution  of  such  a  quistion,  had  been  succeeded  by 
indistinct  views,  and  rhetorical  forms  of  speech.  If  there  were  any 
good  mathematicians  and  good  observers  at  this  period,  they  were 
employed  in  cultivating  and  verifying  the  Hipparchian  theory. 

Nest  to  the  Greeis,  the  Indians  appear  to  have  possessed  that 

1  Arcliim.  ArenaHus.  '  Qual.  Flat.  Delamb.  A.  A.  vi. 

'  Quotfid  by  Copeniio.  i.  7.  '  Quest.  Nat.  vii.  2. 
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original  vigor  and  clearness  of  thought,  from,  which  true  science 
springs.  It  is  remarkahle  that  the  Indians,  also,  had  their  heliocentric 
theorists.  Arjahatta'  (a.  d.  1322),  and  other  astronomers  of  that 
country,  are  said  to  have  advocated  the  doctrine  of  the  earth's  revo- 
lution on  its  axis ;  which  opinion,  however,  was  rejected  by  suhse- 
quent  philosophers  among  the  Hindoos. 

Some  writers  have  thought  that  the  heliocentric  doctrine  was  de- 
rived by  Pythagoras  and  other  European  philosophers,  from  some  of 
the  oriental  nations.  This  opinion,  however,  will  appear  to  have  little 
weight,  if  we  consider  that  the  heliocenti'ic  hypothesis,  in  the  only 
shape  in  which  the  ancients  knew  it,  was  too  ohvious  to  require  much 
teaching ;  that  it  did  not  and  could  not,  so  far  as  we  know,  receive 
any  additional  strength  from  any  thing  which  the  oriental  nations 
could  teach ;  and  that  each  astronomer  was  induced  to  adopt  or  reject 
it,  not  by  any  information  which  a  master  could  give  him,  but  by  his 
love  of  geometrical  simplicity  on  the  one  hand,  or  the  prejudices  of 
sense  on  the  other.  Heal  science,  depending  on  a  clear  view  of  the 
relation  of  phenomena  to  general  theoretical  ideas,  cannot  he  commu- 
nicated in  the  way  of  secret  and  exclusive  traditions,  like  the  mysteries 
of  certain  arts  and  crafts.  If  the  philosopher  do  not  see  that  the 
theory  is  true,  he  is  little  the  better  for  having  heard  or  read  the  words 
which  assert  its  truth. 

It  is  impossible,  therefore,  for  as  to  assent  to  those  views  which 
would  discover  in  the  heliocentric  doctrines  of  the  ancients,  traces  of 
a  more  profound  astronomy  than  any  which  they  have  transmitted  to 
lis.  Those  doctrines  were  merely  the  plausible  conjectures  of  men 
with  sound  geometrical  notions  ;  but  they  were  never  extended  so  as 
to  embrace  the  details  of  the  existing  astronomical  knowledge ;  and 
perhaps  we  may  say,  that  the  analysis  of  the  phenomena  into  the 
arrangements  of  the  Ptolem^c  system,  was  so  much  more  obvious 
than  any  other,  that  it  must  necessarily  come  first,  in  order  to  form  an 
introduction  to  the  Copernican. 

The  true  foundation  of  the  heliocentric  theory  for  the  ancients  was, 
as  we  have  intimated,  its  perfect  geometrical  consistency  with  the 
general  features  of  the  phenomena,  and  its  simplicity.  But  it  was  un- 
likely that  the  human  mind  would  be  content  to  consider  the  subject 
under  this  strict  and  limited  aspect  alone.  In  its  eagerness  for  wide 
speculative  views,  it  naturally  looked  out  for  other  and  vaguer  prin- 
ciples of  connection  and  relation.  Thus,  as  it  had  been  urged  in 
'  Lib.  D.  K.  But.  Ast.  p.  II. 
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fitvor  of  the  geoeentrio  doctrine,  tliat  the  ha         b  dy  b        the 

centre,  it  was  maintained,  as  a  leading  n   n  la  f    h      ppo- 

site  opinion,  that  it  placed  the  Fire,  the  n  bl        1  m  n  h    C  ntre 

of  the  Universe.  The  autliority  of  myth  1  g  al  1  na  all  d  in 
on  both  sides  to  support  these  views,  Nnij'wPltali  fmua, 
built  a  circular  temple  over  the  ever-burning  Fire  of  Vesta;  typifying, 
not  the  earth,  but  the  Universe,  which,  according  to  the  Pythago- 
reans, lias  the  Fire  seated  at  its  Centre.  The  same  writer,  in  another 
of  his  works,  makes  one  of  his  interlocutors  say,  "  Only,  my  friend,  do 
not  bring  me  before  a  court  of  law  on  a  charge  of  impiety ;  as  Cle- 
anthes  said,  that  Aristarchus  the  Samian  ought  to  be  tried  for  im- 
piety, because  he  removed  the  Hearth  of  the  Universe."  This,  how- 
ever, seems  to  have  been  intended  as  a  pleasantry. 

The  prevalent  physical  views,  and  the  opinions  concerning  the 
Causes  of  the  motions  of  the  parts  of  the  universe,  were  scarcely  more 
definite  than  the  ancient  opinions  concerning  the  relations  of  the  foiir 
elements,  till  Galileo  had  founded  the  true  Doctrine  of  Motion. 
Though,  therefore,  arguments  on  this  part  of  the  subject  were  the 
most  important  part  of  the  controvei-sy  after  Copernicus,  the  force  of 
such  arguments  was  at  his  time  almost  balanced.  Even  if  more  had 
been  known  on  such,  subjects,  the  arguments  would  not  have  been 
conclusive :  for  instance,  the  vast  mass  of  the  heavens,  which  is  com- 
monly urged  as  a  reason  why  the  heavens  do  not  move  round  the 
earth,  would  not  make  such  a  motion  impossible ;  and,  on  the  other 
hand,  tiie  motions  of  bodies  at  the  earth's  surface,  which  were  alleged 
as  inconsistent  with  its  motion,  did  not  really  disprove  such  an  opinion. 
But  according  to  the  state  of  the  science  of  motion  before  Copernicus, 
all  reasonings  from  such  principles  were  utterly  vague  and  obscure. 

We  must  not  omit  to  mention  a  modem  who  preceded  Copernicus, 
in  the  assertion  at  least  of  tJie  heliocentric  doctrine.  This  was  Nicholas 
of  Cusa  (a  village  near  Treves),  a  cardinal  and  bishop,  who,  in  the 
first  half  of  the  fifteenth  century,  was  very  eminent  as  a  divine  and 
mathematician ;  and  who  in  a  work,  De  HoctA  IgnomnU&,  propounded 
the  doctrine  of  the  motion  of  the  earth ;  more,  however,  as  a  paradox 
than  as  a  reality.  "We  cannot  consider  this  as  any  distinct  anticipation 
of  a  profound  and  consistent  view  of  the  truth. 

We  shall  now  examine  further  the  promulgation  of  the  Heliocentric 
System  by  Copernicus,  and  its  consequences. 

'  De  Facie  «  Orbe  Imkb,  6. 
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CIIAPTBR  II. 


Induction'  or  Coi 


IT  will  bo  recollected  that  tlie  formal  are  opposed  to  tlie  pliysical 
grounds  of  a  theory ;  the  formei'  term  indicating  that  it  g^ves  a 
satisfactory  account  of  the  relations  of  the  phenomena  in  Space  and 
Time,  that  is,  of  the  Motions  themselves ;  while  tiie  latter  expression 
implies  further  that  we  include  in  our  explanation  the  Causes  of  the 
motions,  the  laws  of  Force  and  Matter.  The  sti-ongest  of  the  consider- 
ations by  which  Copernicus  was  led  to  invent  and  adopt  Lis  system  of 
the  universe  were  of  the  former  kind.  He  was  diasatisfled,  he  says,  in 
hk  Preface, addressed  to  the  Pope,  with  the  want  of  symmetry  in  the 
Eccentric  Theory,  as  it  prevailed  in  his  days ;  and  weary  of  th,e  nncer- 
tiMnty  of  the  mathematical  ti'aditions.  He  then  sought  through  all 
the  works  of  philosophers,  whether  any  had  held  opinions  concerning 
the  motions  of  the  world,  different  from  those  received  in  the  estab- 
lished mathematical  schools.  He  found,  in  ancient  authors,  accounts 
of  Philolaua  and  others,  who  had  asserted  the  motion  of  the  earth. 
"  Then,"  he  adds,  "  I,  too,  began  to  meditate  concerning  the  motion  of 
the  earth ;  and  though  it  appeared  an  absurd  opinion,  yet  since  I  knew 
that,  in  previous  times,  others  had  been  allowed  the  privilege  of  feign- 
ing what  circles  they  cliose,  in  order  to  explain  the  phenomena,  I 
conceived  that  I  also  might  take  the  liberty  of  trying  whether,  on  the 
supposition  of  the  earth's  motion,  it  was  possible  to  find  better  expla- 
nations than,  the  ancient  ones,  of  the  revolutions  of  the  celestial  orbs. 

".Having  then  assumed  the  motions  of  the  earth,  which  are  here- 
after explained,  by  laborious  and  long  observation  I  at  length  found, 
that  if  the  motions  of  the  other  planets  be  compared  with  the  revolu- 
tion of  the  earth,  not  only  their  phenomena  follow  from  the  suppo- 
sitions, but  also  that  the  several  orbs,  and  the  whole  system,  are  so 
connected  in  order  and  magnitude,  that  no  one  part  can  be  transposed 
without  disturbing  the  rest,  and  introducing  confusion  into  the  whole 


Thus  the  satisfactory  explanation  of  the  appai-ent  motions  of  the 
planets,  and  the  simplicity  and  symmetry  of  the  system,  were  the 
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grounds  oil  which  Copernicus  adopted  his  theory  ;  as  the  craving  for 
these  qualities  was  the  feeling  which  led  him  to  seek  for  a  new  theory. 
It  is  manifest  that  in  this,  as  in  other  cases  of  discovery,  a  clear  and 
steady  possession  of  abstract  Ideas,  and  an  aptitude  in  comprehending 
real  Facta  under  these  general  conceptions,  must  have  heen  leading 
characters  in  the  discoverer's  mind.  lie  must  have  had  a  good  geo- 
metrical head,  and  great  astronomical  knowledge.  He  must  have  seen, 
with  peculiar  distinctness,  the  consequences  which  flowed  from  his 
suppositions  as  to  the  relafions  of  space  and  time,— the  apparent 
motions  which  resulted  from  the  assumed  real  on^ ;  and  he  mnst  also 
have  known  well  all  the  irregularities  of  the  apparent  motions  for 
which  he  had  to  account.  "We  find  indications  of  these  qualities  in 
his  expressions.  A  steady  and  calm  contemplation  of  the  theory  is 
what  he  asks  for,  as  the  main  requisite  to  its  reception.  If  you  sup- 
pose the  earth  to  revolve  and  the  heaven  to  he  at  rest,  you  will  find, 
he  says,  "d  m-io  animadvertas,"  if  jou  think  steadily,  that  the  appar- 
ent diurnal  motion  will  follow.     And  after  alleging  his  reasons  for  his 

y  t  m  h       y  '     W  th  refore,  not  ashamed  to  confess,  that  the 

wh  1     f  th     p  th     th    orbit  of  the  moon,  along  with  the  centre 

f  th         th  d  th    sun  in  a  year  among  the  other  planets ; 

th    m        t  d      f  th  II  heing  so  great,  that  the  distance  of  the 

arth  f        th     un  h  pparent  magnitude  when  compared  with 

th      ph  f  th    fa     I    t      "    "All  which  things,  thongh  they  he 

d  fh    It       d     I       t  vable,  and   against  the  opinion  of  the 

m  J  ty  y  t  th  q  1  by  God's  favor,  we  will  make  clearer  than 
th  1 1  ast  to  th       wh    are  not  ignorant  of  mathematics." 

It  will  easily  be  understood,  tl   t  '        1  '    t  ntric  hypoth- 

esis ascribed  to  the  planets  tho  f        wh   h  pparent  only, 

and  which  really  arose  from  th    m  t         f  th        th  d  the  sun  in 

the  new  hypothesis,  the  latter  h  m  t  n  1  mplify  the  plan- 
etary theory.  Kepler^  enumer  t  1  n  t  f  the  Ptolemaic 
system,  which  are  at  once  extei  t  d  d  1  i  necessary  by 
the  new  system.  Still,  as  tho  real  motions,  both  of  the  earth  and  the 
planets,  are  unequable,  it  was  requisite  to  have  some  mode  of  represent- 
ing their  inequalities ;  and,  accordingly,  the  ancient  theory  of  eccen- 
trics and  epicycles  was  retained,  so  far  as  was  requisite  for  this  purpose. 
The  pJanets  revolved  round  the  sun  by  means  of  a  ~   " 


'  Nicolai  Copernici  TorinonBis  de  Sevoliitioniius  OrbUita  (Mestmm  Libri  VI. 
Norimbergffi,  M.n.sLin,  p.  9. 
'  Myst.  Oosm.  cap.  1. 
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great  and  small  Epicycle ;  or  else  by  means  of  an  Eccentric  and  Epicy- 
cle, modified  from  Ptolemy's,  for  reasons  whioli  we  stall  shortly  men- 
tion. This  mode  of  representing  the  motions  of  the  planets  contimied 
in  use,  until  it  was  expelled  by  the  discoveries  of  Eepler. 

Besides  the  daily  rotation  of  the  earth  on  its  axis,  and  its  annual  cii'- 
t    1      t  th  C  p  m  tfnb  ted  to  the  axis  a  "  motion  of  dec- 

1     t         by  wh  h  d  th      h  1  1  revolution,  the  pole  was 

t.  tly  d  ted  to  d  th  m  part  f  the  heavens.  This  con- 
ta    y      tl       h    1  t     1      t  t  th  or  its  moving  parallel  to 

tself  m  J  h     m  tly  d  t  indicating  any  separate 

t  Th  t  tij  directiou,  because  there  is 

th       tomkthgtd      t         jtaaa  straw,  lying  on  the 
rf         f        ptte  tnutopt  nearly  in  the  same  direc- 

twhthjcrrd  1  And  this  was  noticed  by 

Copernicus's  adherent,  Rothman,'  a  few  years  after  the  pubhcation  of 
&& -work  J)e  Jievolutionibus.  "There  is  no  occasion,"  he  says,  in  a 
letter  to  Tycho  Brahe,  "  for  the  triple  motion  of  the  earth  :  the  annual 
and  diurnal  motions  sufBce."  This  error  of  Coperaiciis,  if  it  be 
looked  upon  as  an  eiTor,  arose  from  his  referring  the  position  of  the 
axis  to  a  limited  space,  which  ho  conceived  to  be  carried  round  the 
sun  along  with  the  earth,  instead  of  referring  it  to  fixed  or  absolute 
space.  When,  in  a  Planetarium  (a  machine  in  which  the  motions  of 
the  planets  are  imitated),  the  earth  is  carried  round  the  sun  by  being 
festened  to  a  material  radius,  it  is  requisite  to  give  a  motion  to  the 
axis  by  additional  machinery,  in  order  to  enable  it  to  preserve  its  par- 
allelism. A  similar  confusion  of  geometrical  conception,  produced  by 
a  double  reference  to  absolute  space  and  to  the  centre  of  revolution, 
often  leads  persons  to  dispute  whether  the  moon,  which  revolves  about 
the  earth,  always  turning  to  it  the  same  face,  revolves  about  her  asis 

It  is  also  to  be  noticed  that  the  precession  of  tie  equinoxes  made  it 
necessary  to  suppose  the  asis  of  the  earth  to  bo  not  exactly  parallel  to 
itself  but  to  deviate  from  that  position  by  a  sUght  annual  difference. 
Copernicus  erroneously  supposes  the  precession  to  be  unequable  ;  and 
his  method  of  explaining  this  change,  which  is  simpler  than  that  of  the 
ancients,  becomes  more  simple  still,  when  applied  to  the  true  state  of 
the  facta. 

The  tendencies  of  our  speculative  nature,  which  cany  us  onwards  in 


X  134,  A.  D.  15B0. 


Ho.ted  by  Google 


INDUCTIOHr  OF  COPERNICUS.  265 

pursuit  of  symmetry  and  rule,  and  wliich  thus  produced  t!i6  theoiy  of 
CopemicUB,  as  they  produce  all  theories,  perpetually  show  their  vigoi 
by  overshooting  their  mark.  They  obtain  Bomething  by  iimuig  at 
much  more.  They  detect  the  order  and  connection  which  exist,  by 
imagining  relations  of  order  and  connection  which  have  lo  existence 
Beal  discoveries  are  thus  mixed  with  baseless  assumptions  profound 
sagacity  is  combined  with  fencifal  conjecture ;  not  rarely  oi  m  pecu 
liar  instances,  but  commonly,  and  in  most  cases;  probably  in.  ill  if  wp 
conid  read  the  thoughts  of  the  discoverers  as  we  read  the  books  of  Kep- 
ler. To  try  wrong  guesses  is  apparently  the  only  way  to  bit  upon 
right  ones.  The  character  of  the  true  philosopher  is,  not  that  ho 
never  conjectures  hazardously,  but  that  his  conjectures  are  clearly  con- 
ceived and  brought  into  rigid  contact  with  facta.  He  sees  and  compares 
distinctly  the  ideas  and  the  things, — the  relationsof  his  notions  to  each 
other  and  to  phenomena.  Under  these  conditions  it  is  not  only  eseus- 
able,  but  necessary  for  him,  to  snatch  at  every  semblance  of  general 
rule ; — to  try  ail  promising  forms  of  simplicity  and  symmetry. 

Copernicus  is  not  exempt  from  giving  us,  in  his  work,  an  example  of 
this  character  of  the  inventive  spirit.  The  axiom  that  the  celestial 
motions  must  be  circular  find  titd/orm,  appeared  to  him  to  have  strong 
claims  to  acceptation ;  and  his  theory  of  the  inequalities  of  the  planet- 
ary motions  is  fashioned  upon  it.  His  great  desire  was  to  apply  it 
more  rigidly  than  Ptolemy  had  done.  The  time  did  not  come  for  re- 
jecting this  axiom,  till  the  observations  of  Tycho  Brahe  and  the  calcu- 
lations of  Kepler  had  been  made. 

I  shall  not  attempt  to  explaiu,  in  detail,  Copernicus's  system  of  the 
planetary  inequalities.  He  retained  epicycles  and  eccentrics,  altering 
their  centres  of  motion ;  that  is,  he  retained  what  was  true  in  the  old 
system,  Iramlating  it  into  his  own.  The  peculiaiities  of  his  method 
consisted  in  makiug  such  a  combination  of  epicycles  as  to  supply  the 
place  of  the  equant*  and  to  make  all  the  motions  equable  about  the 
centres  of  motion.  This  device  was  admired  for  a  time,  till  Kepler's 
elHptic  theory  expelled  it,  with  all  other  forms  of  the  theory  of  epicy- 
cles :  but  we  must  observe  that  Copernicus  was  aware  of  some  of  the 
discrepancies  which  belonged  to  that  theory  as  it  had,  up  to  that  time, 
been  propounded.  In  the  case  of  Mercury's  orbit,  which  is  more  ec- 
centric than  that  of  the  other  planets,  he  makes  suppositions  which  are 
complex  indeed,  but  which  show  His  perception  of  the  imperfection  of 

'  Sea  B.  iii.  Chap.  iii.  Sect.  T. 
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the  common  theory;  and  he  proposes  a  n  w  tteuij  (t  thi  mutn  loi 
tlie  very  reason  which  did  it  last  overturn  the  dsctnae  ut  ep  tjoic, 
namely,  that  the  ratio  of  their  distmcet  fiom  the  eirtli  it  difleieut 
times  was  inconsisteiit  with  the  cjiLular  hypothesis' 

It  is  obvioa'i,  that,  along  with  his  mathpmaticai  cleamess  of  view, 
and  hia  aatronomieal  knowledge,  Copernious  must  have  had  great  intel- 
lectual boldness  and  vigor,  to  conceive  and  fiilly  develop  a  theory  so 
different  as  hia  was  from  all  received  doctrines.  His  pupil  and  expos- 
itor, Rheticus,  says  to  Schener,  "I  beg  you  to  have  this  opinion 
concerning  that  learned  man,  my  Preceptor;  that  he  was  an  ardent 
admirer  and  follower  of  Ptolemy ;  but  when  he  was  compelled  by 
phenomena  and  demonstration,  he  thought  he  did  well  to  aim  at 
the  same  mark  at  which  Ptolemy  had  aimed,  though  with  a  bow 
and  shafts  of  a  very  different  material  from  his.  We  must  recollect 
what  Ptolemy  says,  AeZ  S'  iXtvOepov  elvai  t^  yvlifi.y  rbv  jiiXkovra 
^(Ao(TO0eiV.  'He  who  is  to  follow  philosophy  must  be  a  freeman  in 
mind.'  "  Ehaticus  then  goes  on  to  defend  his  master  from  the  charge 
of  disrespect  to  the  ancients  :  "  That  temper,"  he  says,  "  is  alien  from 
the  disposition  of  every  good  man,  and  most  especially  from  the  spirit  of 
philosophy,  and  from  no  one  more  utterly  than  fi-om  my  Preceptor.  He 
was  very  far  from  rashly  rejecting  the  opinions  of  ancient  philosophers, 
except  for  weighty  reasons  and  irresistible  facte,  through  any  love  of 
novelty.  His  yeara,  his  gravity  of  character,  his  excellent  learning,  his 
magnanimity  and  nobleness  of  spirit,  are  very  fer  from  having  any  lia- 
bility to  such  a  temper,  ■which  belongs  either  to  youth,  or  to  ardent 
and  light  minds,  or  to  those  tuiv  jUya  (jt^ovovvruv  inl  6e(,>Qta  /uicpy, 
'who  think  much  of  themselves  and  know  little,'  as  Aristotle  says." 
Undoubtedly  this  deference  for  the  great  men  of  the  past,  joined  with 
the  talent  of  seizing  the  spirit  of  their  methods  when  the  letter  of  their 
theories  is  no  longer  tenable,  is  the  true  mental  eonstitntion  of  dis- 


Beades  the  intellectual  energy  which  ^ 
struct  a  system  of  doctrines  so  novel  as  those  of  Copernicus,  some 
courage  was  necessaiy  to  the  publication  of  such  opinions  ;  certain,  as 
they  were,  to  be  met,  to  a  great  extent,  by  rejection  and  dispnte,  and 
perhaps  by  charges  of  heresy  and  mischievous  tendency.  This  last 
danger,  however,  must  not  be  judged  so  great  as  we  might  infer  from 
the  angry  controversies  and  acts  of  authority  which  occurred  in  Gali- 

>  De  Bfv.  iv.  0. 2. 
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leo's  time.  TIig  Dogmatism  of  the  stationary  period,  whicb.  identified 
tlie  cause  of  pKilosophical  and  religious  truth,  had  not  yet  distinctly 
felt  itself  attacked  by  the  advance  of  physical  knowledge ;  and  there- 
fore had  not  begun  to  look  with  alarm  on  such  movements.  StJll,  the 
claims  of  Scripture  and  of  ecoleaiastioal  authority  were  asserted  as  para- 
mount on  all  subjects;  and  it  was  obvious  that  many  persons  would 
be  disquieted  or  offended  with  the  new  interpretation  of  many  scrip- 
tural expressions,  which  the  true  theory  would  make  necessary.  This 
evil  Copernicus  appears  to  have  foreseen ;  and  this  and  other  eanses 
long  withheld  him  from  publication.  He  was  himself  an  ecclesiastic; 
and,  by  the  patronage  of  his  maternal  uncle,  was  prebendary  of  the 
church  of  Rt,  John  at  Thorn,  and  a  canon  of  the  church  of  Frauen- 
bnrg,  in  the  diocese  of  Ermeland.'  He  had  been  a  student  at  Bologna, 
and  had  taught  mathematics  at  Rome  in  the  year  1500  ;  and  he  after- 
wards pursued  liis  studies  and  observations  at  his  residence  near  the 
month  of  the  Vistula.'  His  discovery  of  his  system  must  have  occurred 
before  1501,  for  in  1643  he  informs  Pope  Paulus  the  Thii-d,  in  his  dedi- 
cation, that  he  had  kept  his  book  by  him  for  four  times  the  nine  years 
recommended  by  Horace,  and  then  only  published  it  at  the  earnest  en- 
treaty of  his  friend  Cardinal  Schomberg,  whose  letter  is  prefixed  to 
the  work.  " Though  I  know,"  he  says,  "that  the  thoughts  of  a  phi- 
losopher do  not  depend  on  the  judgment  of  the  many,  his  study  being 
to  seek  out  truth  in  all  things  as  far  as  tliat  is  permitted  by  God  to 
human  reason:  yet  when  I  considered,"  he  adds,  "how  absuixi  my 
doctrine  would  appear,  I  long  hesitated  whether  I  should  pubUsh  my 
book,  or  whether  it  were  not  better  to  follow  the  example  of  tie  Pytha- 
goreans and  others,  who  deUvered  their  docfi'ines  only  by  tradition 
and  to  friends."  It  will  be  observed  that  he  speaks  here  of  the  oppo- 
sition of  the  established  school  of  Astronomers,  not  of  Divines.  The 
latter,  indeed,  he  appears  to  consider  as  a  less  formidable  danger.  "If 
perehanc*,"  he  says  at  the  end  of  his  preface,  "there  be  naraioX&yoi, 
vain  babblers,  who  knowing  nothing  of  mathematics,  yet  assume  the 
right  of  judging  on  account  of  some  place  of  Scripture  perversely 
wrested  to  their  purpose,  and  who  blame  and  attack  my  undertaking ; 
I  heed  them  not,  and  look  upon  their  judgments  as  rash  and  con- 
temptible." He  then  goes  on  to  show  that  the  globular  figure  of  tie 
earth  (which  was,  of  course,  at  that  time,  an  undisputed  point  among 
astronomers),  had  been  opposed  on  similar  grounds  by  Lactantins,  who, 

'  Ehefioua,  Niti:  p.  94.  '  Kiooioli. 
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though  a  writer  of  credit  in  other  respects,  had  spoken  very  childishly 
in  that  matter.  In  another  epistle  prefixed  to  the  work  (by  Andreas 
Osiander),  the  reader  is  reminded  that  the  hypotheses  of  astronomers 
are  not  necessarily  asserted  to  be  true,  by  those  who  proprae  them, 
but  only  to  be  a  way  of  representing  facts.  We  may  observe  that,  in  the 
timeof  Copernicus,  when  the  motion  of  the  earth  had  not  been  connected 
with  the  physical  laws  of  matter  and  motion,  it  could  not  be  oonsid- 
ered  so  distinctly  real  as  it  necessarily  was  held  to  be  in  after  times. 

The  delay  of  the  publication  of  Copernicus'a  Mfork  brought  it  to  the 
end  of  his  life ;  he  died  in  the  year  1643,  in  which  it  was  published. 
It  was  entitled  De  SevoluHmibus  Orbium  Ocelestium  Lihri  VI.  lie 
received  the  only  copy  he  ever  saw  on  the  day  of  his  death,  and  never 
opened  it:  he  had  then,  says  Gassendi,  his  biographer,  other  cares. 
His  system  was,  however,  to  a  certain  extent,  promulgated,  and  his 
fame  diffused  before  that  time.  Cardinal  Schomberg,  in  his  letter  of 
1536,  which  has  been  already  mentioned,  says,  "  Some  years  ago,  when 
I  heard  tidings  of  your  merit  by  the  constant  report  of  all  persons,  my 
affection  for  you  was  augmented,  and  I  congratulated  the  men  of  our 
time,  among  whom  you  flourish  in  so  much  honor.  For  I  had  under- 
stood that  you  were  not  only  acquainted  with  the  discoveries  of  ancient 
mathematicians,  but  also  had  formed  a  new  syst«m  of  the  world,  in 
which  you  teach  that  the  Earth  moves,  the  Sun  occupies  the  lowest, 
and  consequently,  the  middle  place,  the  sphere  of  the  flsed  stars  re- 
mains immovable  and  fixed,  and  the  Moon,  along  with  the  elements 
included  in  her  sphere,  placed  between  the  orhita  (cmlum)  of  Mars  and 
Venus,  travels  round  the  sun  in  a  yearly  revolution.'"  The  writer  goes 
on  to  say  that  he  has  heard  that  Copernicus  has  ™tten  a  book  {Com- 
menlarios),  in  which  this  system  is  applied  to  the  construction  of  Tables 
of  the  Planetary  Motions  (erraiicai'um  stellarum).  He  then  proceeds 
to  entreat  him  earnestly  to  publish  his  lucubrations. 


8  This  passage  has  so  importniit  a  place  in  the  history,  that  I  wiil  give  it  in  the 
original :—"  lateHexerara  te  non  mode  yeternm  mathematiconim.  invanta  egragie 
callere  sed  etiam  novBm  mniidi  rntioDam  conEtituiBBa :  Quadoaeas  terrain  moTGii: 
solem  imum  mundi,  ntqne  medium  locum  obtinere :  ctelum  octavum  immotHm 
atque  flxnm  perpetno  manere;  Lnnam  so  nna  cum  inelnsis  suie  spheire  elementie, 

Atqua  da  haa  tola  astronomiie  ratione  commeutarios  a  ta  oonfaotoa  esee,  aa  arrafi- 
caram  stellarum  motus  calonlis  snbduetos  tabulis  te  coutnlisse,  maxima  oiuQlum 
onm  admiratiene.  Qnnmobrem  vir  doctissime,  niai  tibi  molestna  sum,  te  etiam 
atque  etiam  oro  vebementer  ut  boo  tunm  inventum  Btudiosia  oommunioeB,  at  tuas 
da  mnndi  sphiera  lueubrationes,  una  cum  Tabulis  et  ei  quid  habes  prteterea  quod 
ad  eandeni  rem  pertineat  prime  quoquo  tempore  ad  ma  mittaE." 
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Tills  letter  is  dated  1536,  and  implies  that  the  work  of  Copornicus 
was  then  written,  and  known  to  persons  who  studied  astronomy,  De- 
iambre  sajs  that  Achilles  Gassarus  of  Lindau,  in  a  letter  dated  1540, 
sends  to  his  fiiend  Geoi^e  Vogelia  of  Constance,  the  book  JJe  Revolu- 
tionibua.  But  Mr.  De  Morgan'  has  pointed  out  that  the  pi'inted  work 
which  Gassarus  sent  to  Vogelin  was  the  Nanatio  by  Rheticus  of  Peld- 
kirch,  a  eulogiiim  of  Copernicus  and  his  system  prefixed  to  the  second 
edition  of  the  J)e  Eevoluiionihus,  which  appeared  in  1566,  In  this 
Narration,  Kbeticus  speaks  of  the  work  of  Copernicus  as  a  Palingenesis, 
or  New  Birth  of  astronomy.  Rheticns,  it  appears,  had  gone  to  Coper- 
nicus for  the  purpose  of  getting  knowledge  about  triangles  and  tiigo- 
nometrical  tables,  and  had  had  liis  attention  called  to  the  heliocentiiq 
theory,  of  which  he  became  an  ardent  admirer.  He  speaks  of  his 
"Preceptor"  with  strong  admiration,  as  we  have  seen.  "He  appears 
to  me,"  says  he,  "more  to  resemble  Ptolemy  than  any  other  asti'ono- 
mers."  This,  it  must  be  recollected,  was  selecting  the  highest  known 
subject  of  comparison. 


CHAPTER  III. 

Sequel  to  Copernicus. — The  EEcsr'iiON  and  Development  of  the 

CoPEEKicAN  Theory, 

Sect.  1. — First  Reception  of  the  C(>pemican  Theory. 

THE  theories  of  Copernicus  made  their  way  among  astronomers,  in 
the  manner  in  which  true  astronomical  theories  always  obtain  the 
assent  of  competent  jndges.  They  led  to  the  construction  of  Tables 
of  the  motion  of  the  sim,  moon,  and  planets,  as  tlie  theories  of  Hippar- 
chus  and  Ptolemy  had  done ;  and  the  verification  of  tie  doctrines  was 
to  be  looked  for,  fj'om  the  agreement  of  these  Tables  with  observation, 
through  a  sufficient  course  of  time.  The  work  De  Sevolulionihts 
contains  such  Tables.  In  1551  Eeinhold  improved  and  republished 
Tables  founded  on  the  principles  of  Copernicus.  "We  owe,"  he  says 
in  his  preface,  "great  obligations  to  Copernicus,  both  for  his  laborions 

»  A«t.  Mod.  i.  p.  138.  I  owe  thia  and  niaay  otliet  oorreutlons  to  the  personal  kind- 
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observations,  and  for  I'estoring  the  docti'JDe  of  the  Motions.  But  tliough 
his  geometry  is  perfect,  the  good  old  man  appeal's  to  have  heen,  at 
times,  careleaa  in  his  numerical  calculations.  I  have,  therefore,  recal- 
culated the  ■whole,  irom  a  comparison  of  his  observations  with  those  of 
Ptolemy  and  others,  following  nothing  but  the  general  plan  of  Coper- 
nicus's  demonstrations,"  These  "Pruteaic  Tables"  were  republished 
in  1571  and  1585,  and  continued  in  reput*  for  some  time ;  till  supor- 
sedetl  by  the  Undolphine  Tables  of  Eepler  in  162'?  The  name 
Pruienic,  or  Pnissian,  was  employed  by  the  author  <is  t  mark  <jt 
gratitude  to  his  benefactor  Albert,  Markgrave  of  Biandeubourg  The 
discoveries  of  Copernicus  had  inspired  neighbonng  nations  with  the 
ambition  of  claiming  a  place  in  the  literary  commitpity  ot  Europe  In 
something  of  the  same  spirit,  Eheticus  wrote  an  Sncommm  Boj-ussi«, 
which  was  published  aloDg  with  his  Narratio. 

The  Tables  founded  npon  the  Copernican  system  were,  at  first,  much 
more  generally  adopted  than  the  heliocentric  doctrine  on  which  they 
were  founded.  Thus  Magini  published  at  Venice,  in  ISSV,  New 
Theories  of  the  Celestial  Orbits,  Q-greeing  with  the  Obssmations  of 
Nicholas  Copernicus.  But  in  the  preface,  after  prdsing  Copernicus, 
he  says,  "  Since,  however,  he,  either  for  the  sake  of  showing  his  talents, 
or  induced  by  his  own  reasons,  has  revived  the  opinion  of  Ificetas, 
Aristarchua,  and  others,  concerning  the  motion  of  the  earth,  and  has 
disturbed  the  established  constitution  of  the  world,  which  was  a  reason 
why  many  rejected,  or  received  with  dislike,  his  hypothesis,  I  have 
thought  it  worth  while,  that,  rejecting  the  suppositions  of  Copernicus, 
I  should  accommodate  other  canses  to  his  observations,  and  to  the 
Pnitenic  Tables." 

This  doctrine,  however,  waa,  as  we  have  shown,  received  with  fevor 
by  many  persons,  even  before  its  general  publication.  The  doctrine  of 
the  motion  of  the  earth  was  first  publicly  maintained  at  Eome  by  "Wid- 
manstadt,'  who  professed  to  have  received  it  from  Copernicus,  and 
explained  the  System  before  the  Pope  and  the  Cardinals,  but  did  not 
teach  it  to  the  public. 

Leonardo  da  Vinci,  who  was  an  eminent  mathematician,  as  well  as 
painter,  about  1510,  explained  how  a  body,  by  describing  a  iind  of 
spiral,  might  descend  towards  a  revolving  globe,  so  that  its  apparent 
motion  relative  to  a  point  in  the  surface  of  the  globe,  might  be  in  a 

1  See  Venturi,  M^aai  siw  its  Oiairages  Phynieo-Maihimatl^ufs  (U  Leonard  da  Vinci, 
OMO  dts  FragnKm  Urh  de  see  MmusorU)  apporlit  d?Italie.  Paris,  17W;  and,  as 
tliero  quoted,  Mai'im,  Archiatrl  Pontlfiaii,  tom.ii.  p.  251. 
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straight  line  leadmg  to  the  centre.  He  thus  showed  that  he  had 
entei'taitied  in  his  thoughts  the  hypothesis  of  the  earth's  rotation,  and 
wFis  employed  in  removing  the  difficulties  which  accompanied  this 
>uppoaition,  by  means  of  the  consideration  of  the  composition  of 
motions. 

In  Jike  manner  we  find  tfie  question  stirred  by  other  eminent  men. 
Thus  John  Muller  of  Konigsberg,  a  celebrated  astronomer  who  died  in 
1478,  better  known  by  the  name  of  Regioraontanns,  wrote  a  disserta- 
tion on  the  subject  "  Whether  the  eaith  be  ia  motion  or  it  lest,"  in 
which  he  decides  ex  ptofegso'  against  the  motion  Yet  such  discus 
sions  must  have  made  generally  known  the  iiguments  for  the  helio 
centric  theory. 

We  have  already  seen  the  enthusiasm  with  whuh  Eheticus,  who 
was  Copeinicus's  pupil  in  the  htter  jeara  of  his  hte,  spaats  of  him 
" Thus,"  says  he,  "  God  has  giit-n  to  my  excellent  pieceptoi  i  reign 
without  end ;  which  may  He  vouchsife  to  gui  !e,  govern,  and  increase, 
to  the  restoration  of  astronomical  truth     Amen  " 

Of  the  immediate  converts  of  the  Copernican  system,  who  adopted 
it  before  the  controversy  on  the  subject  had  attracted  attention,  I  shall 
only  add  Mastliu,  and  his  pupil,  Kepler.  Mastlin  published  in  1588. 
an  Epitome  Aslronomice,  iu  which  the  immobility  of  the  earth  is 
asserted ;  but  in  1596  he  edited  Kepler's  Mysterium  CosmogTapkicwm, 
and  the  Narratio  of  Eheticus:  and  in  an  epistle  of  his  own,  which  he 
inserts,  he  defends  the  Copeniican  system  by  those  physical  reasonings 
which  we  shall  shortly  have  to  mention,  as  the  usual  arguments  in  this 
dispute,  Kepler  himself,  in  the  outset  of  the  wort  just  named,  says, 
"  When  I  was  at  Tljbingen,  attending  to  Michael  Miestlin,  being  dis- 
turbed by  the  manifold  inconveniences  of  tlie  usual  opinion  concerning 
the  w  orld,  I  was  so  delighted  with  Copernicus,  of  whom  he  made  great 
mention  in  hia  lectures,  that  I  not  only  defended  his  opinions  in  our 
diiputations  of  the  candidates,  but  wrote  a  thesis  concerning  the  First 
Motion  which  is  produced  by  the  revolution  of  the  earth,"  This  must 
have  been  in  1690. 

The  difterences  of  opinion  respecting  the  Copernican  system,  of 
which  we  thus  see  traces,  led  to  a  controversy  of  some  length  and 
extent  This  controversy  turned  principally  upon  physical  consider- 
ation*!, ivhith  were  much  more  distinctly  dealt  with  by  Kepler,  and 
others  of  the  followers  of  Copernicus,  than  they  had  been  by  the  dis- 

'  Sehoneri  Opera,  pttrt  ii.  p.  139. 
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coverer  liiiiiself.  I  shall,  therefore,  give  a  separate  considei'atioii  to 
this  part  of  the  subject.  It  may  he  proper,  however,  in  the  first  place, 
to  make  a  few  observations  on  the  progress  of  the  doctrine,  iiideiMn- 
dently  of  these  physical  speculations. 

Sect.  ^.—Diffusion  of  the  Copermcan  Theory. 

The  diffusion  of  the  Copemican  opinions  in  the  world  did  not  tate 
place  rapidly  at  first.  Indeed,  it  was  necessarily  some  time  before  the 
prepress  of  observation  and  of  theoretieal  meehanica  gave  the  helio- 
centric doctrine  that  superiority  in  argument,  which  now  makes  us 
wonder  that  men  should  have  hesitated  when  it  was  presented  to  them. 
Yet  there  were  some  speculators  of  this  kind,  who  were  attracted  at 
once  by  the  enlarged  views  of  the  universe  which  it  opened  to  them. 
Among  these  was  the  unfortunate  Gioi-dano  Bruno  of  Nola,  who  was 
burnt  as  a  heretic  at  Rome  in  1600.  The  heresies  which  led  to  his 
unhappy  fate  were,  however,  not  his  astronomical  opinions,  but  a  work 
which  he  published  in  England,  and  dedicated  to  Sir  Philip  Sydney, 
under  the  title  of  Spaccio  delta  Bestia  Trionfanie,  and  which  is  under- 
stood to  contain  a  hitter  satire  of  religion  and  the  papa?  government. 
Montacla  conceives  that,  by  his  rashness  in  visiting  Italy  after  putting 
forth  Buch  a  work,  he  compelled  the  government  to  act  against  him. 
Bruno  embraced  the  Copemican  opinions  at  an  early  period,  and  con- 
nected with  them  the  belief  in  innumerable  worlds  besides  that  whieh 
we  inhabit;  as  also  certain  metaphysical  or  theolo^cal  doctrines, 
whieh  he  called  the  Nolan  philosophy.  In  1591  he  published  De 
innumerabilihus,  immenso,  ei  infiffUraUU,  seu  de  Universo  et  Mwndis, 
in  which  he  maintains  that  each  star-  is  a  sun,  about  which  revolve 
planets  like  our  earth ;  but  this  opinion  is  mixed  up  with  a  large  mass 
of  baseless  verbal  speculations. 

Giordano  Bruno  is  a  disciple  of  Copernicus  on  whom  we  may  look 
with  peculiar  interest,  since  he  probably  had  a  considerable  share  in 
introducing  the  new  opinions  into  England ;'  although  other  persons, 
fls  Eecorde,  Field,  Deo,  had  adopted  it  nearly  thirty  years  earlier;  and 
Thomas  Bigges  ten  years  before,  much  more  expressly.  Bruno 
visited  this  country  in  the  reign  of  Queen  Elizabeth,  and  speaks  of  her 
and  of  her  councillors  in  terms  of  praise,  which  appear  to  show  that 

'  See  Barton's  Aaat.  Md.  Pref.    "  Some  prodigious  tenet  or  parados  of  the 
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liis  book  was  iatended  for  English  rcadora  ;  thougb,  he  describes  the 
mob  which  was  usually  to  be  met  with  in  the  streets  of  London  with 
expressions  of  great  disgust :  "  Una  plebe  la  quale  in  essere  iirespet- 
tevolc,  incivile,  rozza,  rustics,  selvatica,  et  mala  allevata,  non  cede  ad 
altra  che  pascer  possa  la  terra  nel  suo  seno.'"  The  work  to  which  I 
refer  i&La  Cena  de  le  Cenere,  and  narrates  what  took  place  at  a  supper 
held  on  the  evening  of  Ash  Wednesday  (about  1583,  see  p.  145  of  the 
book),  at  the  house  of  Sir  Fulk  Greville,  in  order  to  give  "  II  Nolano" 
an  opportunity  of  defending  his  ppculiir  opinions.  His  principal 
antagonists  are  two  "  Doltori  d'  Uxonia,"  whom  Bruno  calls  Nnndinio 
and  Torqaato.  The  subject  is  not  treitci  in  any  very  masterly  man- 
ner on  either  side ;  but  the  author  makes  himself  have  greatly  the 
advantage  not  only  in  argument,  but  m  temper  and  courtesy :  and  in 
support  of  his  representations  ot  "pedintesca,  o'^Unatissima  ignoranza 
et  presunzione,  mista  con  una  rustica  mcivilitd,  che  ferebbe  prevariear 
la  pazienza  di  Giobbe,"  in  Hs  opponents,  he  refers  to  a  public  dispu- 
tation which  he  had  held  at  Oxford  with  these  doctors  of  theology,  in 
presence  of  Prince  Alasco,  and  min\  of  the  English  nobility,' 

Among  the  evidences  of  the  difflculties  which  still  lay  in  the  way 
of  the  reception  of  the  Copernican  'ij&tem,  we  may  notice  Bacon,  wjio, 
as  is  well  known,  never  gave  a  full  isseut  to  it  It  is  to  be  observed, 
however,  that  he  does  not  reject  the  opinion  of  the  earth's  motion  in 
so  peremptory  and  dogmatical  a  manner  as  he  3S  sometimes  accused 
of  doing:  thus  in  the  Thema,  C<eli  he  sajs,  "The  earth,  then,  being 
supposed  to  be  at  rest  (for  thit  now  appeare  to  us  the  more  true 
opinion)."  And  in  his  tract  On  the  Cause  of  the  Tides,  he  says,  "If 
ihe  tide  of  the  sea  be  the  extreme  and  diminished  limit  of  the  diurnal 
motion  of  the  heavens,  it  will  follow  that  the  earth  is  immovable ;  or 
at  least  that  it  moves  with  a  much  slower  motion  than  the  water." 
In  the  Descriptio  Glohi  Intelleciualis  he  gives  his  reasons  for  not  ac- 
cepting the  heliocentric  theory,  "  In  the  system  of  Copernicus  there 
are  many  and  grave  difficulties  :  for  the  threefold  motion  with  which 
he  encumbers  the  earth  is  a  serious  iuconyenience ;  and  the  separation 
of  the  sun  from  the  planets,  with  which  he  has  so  many  affections  in 
common,  is  likewise  a  harsh  step ;  and  the  introduction  of  so  many 
immovable  bodies  into  natore,  as  when  he  makes  the  sun  and  the  stars 
immovable,  the  bodies  which  are  peculiarly  lucid  and  radiant ;  and  his 
making  the  moon  adhere  to  the  earth  in  a  sort  of  epicycle  ;  and  some 

'  Opere  M  Giordano  Bruno,  vol.  i,  p.  146.  ■  '^  lb.  vol.  i.  p.  1T9. 
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other  things  which  ho  assumes,  aro  pi-ooeodiiigs  which,  mark  a  man 
who  thinks  nothing  of  introducing  fictions  of  any  tind  into  nature, 
provided  hia  calculations  turn  out  well."  We  have  already  expMned 
that,  in  attributing  tki-ee  motions  to  the  earth,  Copernicus  had  pre- 
sented his  system  encumbered  with  a  complexity  not  really  belonging 
to  it.  But  it  will  be  seen  shortly,  that  Bacon's  fundamental  objection 
to  this  system  was  his  wish  for  a  system  which  could  be  supported  by 
sound  physical  eonsideratious ;  and  it  must  be  allowed,  that  at  the 
period  of  which  we  are  speaking,  this  had  not  yet  beea  done  in  favor 
of  tbe  Copernican  hypothesis.  We  may  add,  however,  that  it  is  not 
quite  clear  that  Bacon  was  in  full  possession  of  the  details  of  the 
astronomical  systems  which  that  of  Copernicus  was  intended  to  super- 
sede; and  that  thus  he,  perhaps,  did  not  see  how  much  less  harsh 
were  these  fictions,  m  he  called  them,  than  those  which  were  the  in- 
evitable altei-naiives.  Perhaps  he  might  even  be  liable  to  a  little  of 
that  indistinctness,  with  respect  to  strictly  geometrical  conceptions, 
which  we  have  remarked  in  Aristotle.  We  can  hai'dly  otherwise 
account  for  his  not  seeing  any  use  in  resolving  the  apparently  irregular 
motion  of  a  planet  into  separate  regular  motions.  Yet  he  speaks 
slightingly  of  this  important  step.'  "  The  motion  of  planets,  which 
is  constantly  talked  of  as  the  motion  of  regression,  or  renitency,  from 
west  to  east,  and  which  is  ascribed  to  the  planets  as  a  proper  motion, 
is  not  trae ;  but  only  arises  from  appearance,  from  the  greater  advance 
of  the  starry  heavens  towards  the  west,  by  which  the  planets  are  left  be- 
hind to  the  east."  Undoubtedly  those  who  spoke  of  such  a  motion  of 
regression,  were  aware  of  this ;  but  they  saw  how  the  motion  was  sim- 
plified by  this  way  of  conceiving  it,  which  Bacon  seems  not  to  have 
seen.  Though,  therefore,  we  may  adnme  Bacon  for  the  steadfastness 
with  which  he  looked  forward  to  physical  astronomy  as  the  great  and 
proper  object  of  philosophical  interest,  we  cannot  give  hiui  credit  for 
seeing  the  full  value  and  meaning  of  what  had  been  done,  up  to  his 
time,  in  Formal  Astronomy. 

Bacon's  contemporary,  Gilbert,  whom  he  frequently  praises  as  a 
philosopher,  was  much  more  disposed  to  adopt  the  Copernican  opin- 
ions, though  even  he  does  not  appear  to  have  made  up  hia  mind  to 
assent  to  the  whole  of  the  system.  In  his  work,  J)e  Ifagnete  (printed 
1600),  he  gives  the  principal  arguments  in  favor  of  the  Copernican 
system,  and  decides  that  the  earth  revolves  on  its  axis.'     He  connects 

'  Theaia  Oali,  p.  216.  '  Lib.  vi.  cap.  3,  i. 
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this  opinion  with  liia  magnetic  doctrines ;  and  especlallj'  endeavors  by 
that  means  to  account  for  the  precession  of  the  equinoxes.  But  he  does 
not  seem  to  have  been  equally  confident  of  ifs  annual  motion.  lu  a 
posthumous  work,  published  in  1651  (De  Mundo  No&tro  SuMunari 
Pkilosophm  Jfova),  he  appears  fo  hesitate  between  the  systema  of 
Tycho  and  Copernicus.'  Indeed,  it  is  probable  that  at,  this  period 
many  persons  were  in  a  state  of  doubt  on  such  subjects.  Milton,  at  a 
period  somewhat  later,  appears  to  have  been  still  undecided.  In  the 
opening  of  the  eighth  book  of  the  Po,radise  Lost,  he  mates  Adam 
state  the  difficulties  of  the  Ptolemaic  hypothesis,  to  which  the  arch- 
angel Eaphaol  opposes  the  usual  answers;  but  afterwards  suggests  to 
his  pupil  the  newer  system ; 

....    What  if  eeventh  to  these 

Tlie  planet  eaitJi,  so  steadfast  thongt  she  seem, 

Insensibly  liirBB  different  motions  move ! 

Milton's  leaning,  however,  seems  to  have  been  for  the  new  system ; 
we  can.  hardly  believe  that  he  would  otherwise  have  conceived  so 
distinctly,  and  described  with  such  obvious  pleasure,  the  motion  of 
the  earth  : 

Or  slie  from  west  her  allent  coutbo  advancB 
"With  inoffensive  pioe,  that  spinning  sleepa 
Oo  hor  soft  axle,  while  she  paoea  even. 
And  bears  thee  soft  with  the  smooth  air  along. 

Par. Loat,h.  \'\u. 

Perhaps  the  works  of  the  celebrated  Bishop  Wilkins  tended  more 
than  any  othera  to  the  diffusion  of  the  Copemican  system  in  England, 
since  even  their  extravagances  drew  a  stronger  attention  to  them.  In 
1638,  when  he  was  only  twenty-four . years  old,  he  published  a  book 
entitled  The  Discovery  of  a  New  World ;  or,  a  Discourse  tending  to 
prove  that  it  is  probable  there  may  be  another  habitable  World  in  the 
Moon ;  with  a  Discourse  cmiceming  the  possibility  of  a  passage 
thither.  The  latter  part  of  his  subject  was,  of  course,  an  obvious 
mark  for  the  sneers  and  witticisms  of  critics.  Two  years  afterwards, 
in  1640,  appeared  his  Discourse  concerning  a  new  Planet ;  tending  to 
prove  that  it  is  probable  our  Marth  is  one  of  the  Planets:  in  which  he 
urged  the  reasons  in  favor  of  the  heliocentric  system ;  and  explained 
away  the  opposite  arguments,  especially  those  drawn  from  the  sup- 
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poseil  declarations  of  Scripture.  Probably  a  good  deal  was  done  foi' 
the  establishment  of  those  opinions  by  Thomas  Salushury,  who  was  a 
warm  admirer  of  Galileo,  ^Ild  publishei  in  1661,  a  translation  of 
several  of  his  works  bearing  upon  this  sutject.  The  mathematicians 
of  this  countiy,  in  the  sev^nipenth  centurj,  as  Napier  and  Briggs, 
HoiTox  and  Crabtree,  Ougl  tred  ind  Seth  Ward,  "Wallis  and  Wren, 
were  probably  all  decided  Gopnrn  cans  Kepler  dedicates  one  of  his 
works  to  Napier,  and  Ward  imentpd  an  aj].roximate  method  of  solv- 
ing Kepler's  problem,  still  known  as  "  the  simple  elliptjcal  hypothesis." 
Horrox  wrote,  and  wrote  well,  in  defence  of  the  Copemican  opinion, 
in  his  Keplej-ian  Astronomy  defended  and  promoted,  composed  (in 
Latin)  probably  about  1635,  but  not  published  till  1673,  the  author 
having  died  at  the  age  of  twenty-two,  and  his  papers  having  been 
lost.  But  Salnsbnry's  work  was  calculated  for  another  circle  of 
readers.  "The  book,"  he  says  in  the  introductory  address,  "being, 
for  subject  and  design,  intended  chiefly  for  gentlemen,  I  have  been  as 
careless  of  using  a  studied  pedantry  in  my  style,  as  careful  in  con- 
triving a  pleasant  and  beautiful  impression."  In  order,  however,  to 
judge  of  the  advantage  nnder  which  the  Copevnican  system  now 
came  forward,  we  must  consider  the  additional  evidence  for  it  which 
was  brought  to  light  hj  Galileo's  astronomical  discoveries, 

Seet.  3. — The  Heliocentric  Theory  confirmed  hy  Facts. — Galileo's 
At  ID 

The  1  te      Iwhhlpdbtw       tblt  great  discoveries 

made  by  th  t        1  th    first  m  d    by  th    mi    ns,  had  atForded 

ample  th  f  th  !  1  pm  t  f  11  th  mp  -t  t  consequences  of 
the  anoic  t  d    t  B  t  wh      th    h  ml  Lad  been  thor- 

oughly r  d  ai  t  act  vity  th  w^  1  g  r  the  course  of 
events.     D  w  I  d  h    tl  de  field  of  specu- 

lation was      ly  just    p      d  wh  h     p    m      t  mpted  the  labor- 

ers away  into  another  quarter.  Hence  the  history  of  this  period  eon- 
tains  the  beginnings  of  many  sciences,  but  exhibits  none  fully  worked 
out  into  a  complete  or  final  form.  Thus  the  science  of  Statics,  soon 
after  its  revival,  was  eclipsed  and  overlaid  by  that  of  Dynamics;  and 
the  Copernican  system,  considered  merely  with  reference  to  the  views 
of  its  author,  was  absorbed  in  the  commanding  interest  of  Physical 
Astronomy, 

Still,  advances  were  made  which  had  an  important  bearing  on  the 
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heliocentric  theory,  in  other  ways  than  hy  throwing  light  upon  its 
physical  principles.  1  speak  of  the  new  views  of  the  heavens  which 
the  Telescope  gave ;  the  visible  ineqaalitiea  of  the  moon's  surface ;  the 
moon-like  phases  of  the  planet  Venus ;  the  discovery  of  the  Satellites 
of  Jupiter,  and  of  the  Ring  of  Saturn.  These  discoveries  excited  at 
the  time  the  stvonge'^t  intere  t  both  fi-om  the  novelty  and  haauty  of 
the  objects  they  presentt,!  to  the  sense;  from  the  way  in  which  they 
seemed  to  gratify  man's  cnnosit}  with  regard  to  the  remote  parts  of 
the  universe ;  and  also  from  that  ot  which  we  have  here  to  speak, 
their  bearing  upon  the  eonflicf  ot  the  old  and  the  new  philosophy,  the 
heliocentric  and  geocentric  theories  It  may  be  true,  as  Lagrange 
and  Montucla  say,  that  the  laws  which  Galileo  discovered  in  Mechan- 
ics implied  a  profonnder  genius  than  the  novelties  he  detected  in  the 
sky :  bat  the  latter  naturally  attracted  the  greater  share  of  the  atten- 
tion of  tho  world,  and  were  matter  of  keener  discussion. 

It  is  not  to  our  purpose  to  speak  here  of  the  details  and  of  the  occa- 
sion of  the  invention  of  the  Telescope ;  it  is  well  known  that  Galileo 
constructed  his  about  1609,  and  proceeded  immediately  to  apply  it  to 
the  heavens.  The  discovery  of  the  Satellites  of  Jupiter  was  almost 
immediately  the  reward  of  his  activity ;  and  these  were  announced  in 
his  JUTuncius  Sidereus,  published  at  Venice  in  1610.  The  title  of  this 
wort  will  best  convey  an  idea  of  the  claim  it  made  to  public  notice : 
"  The  Sidereal  Messenger,  announcing  great  and  very  wonderful  spec- 
tacles, and  offering  them  to  the  consideration  of  every  one,  bnt  espe- 
cially of  philosophers  and  astronomers;  which  have  been  observed  by 
Galileo  Galilei,  &c.,  &c,,  by  the  assistance  of  a  perspective  glass  lately 
invented  by  him ;  namely,  in  the  face  of  the  moon,  in  innumerable 
iised  stars  in  the  milky-way,  in  nebulous  stars,  but  especially  in  four 
planets  which  revolve  round  Jupiter  at  different  intervals  and  periods 
with  a  wonderful  celerity ;  which,  hitherto  not  known  to  any  one,  the 
author  has  recently  been  the  first  to  detect,  and  has  decreed  to  call  the 
Medieean  stars." 

The  interest  this  discovery  excited  was  intense :  and  men  were  at 
this  period  so  little  habituated  to  accommodate  their  convictions  on  mat- 
ters of  science  to  nowly  observed  facts,  that  several  of  the  "  paper-phi- 
losophei's,"  as  Galileo  termed  them,  appear  to  have  thought  they  could 
get  rid  of  these  new  objects  by  writing  books  against  them.  The  effect 
which  the  discovery  had  upon  the  reception  of  the  Copornican  system 
was  immediately  very  considerable.  It  showed  that  the  real  universe 
■was  very  different  from  that  which  ancient  philosophers  had  imagined. 
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and  suggested  at  once  tho  thought  that  it  contained  mcehanism  more 
TaiioTis  and  more  vast  than  had  yet  been  conjectured.  And  when  the 
system  of  tte  planet  Jupiter  thus  offered  to  t\ie  bodily  eye  a  model  or 
image  of  the  solar  system  according  to  the  views  of  Copernicus,  it  sup- 
ported the  belief  of  such  an  arrangement  of  the  planets,  by  an  analogy 
all  hut  irresistible.  It  thus,  as  a  wiitei'  of  onr  own  times  has  said, 
"gave  the  holding  turn  to  the  opinions  of  mankind  respecting  the 
Copemiesn  system."  We  may  trace  this  effect  in  Bacon,  even  thongh 
he  does  not  assent  to  the  motion  of  the  earth.  "  We  affirm,"  he  says,'" 
"the  mn-foUowinff  arrangtment  (soliseijuium)  of  Venus  and  Mercury; 
since  it  has  been  tound  by  Galileo  that  Jupiter  also  has  attendants," 

The  Nuncius  Sidereus  contained  other  discoveries  which  had  the 
same  tendency  in  other  wi^s  The  examination  of  the  moon  showed, 
or  at  least  seemed  to  hhow,  th'it  she  was  a  solid  body,  with  a  surface 
extremely  rugged  and  irre^uUr  This,  though  perhaps  not  bearing 
directly  upon  tho  question  of  the  heliocentric  theory,  was  yet  a  blow 
to  the  Aristotelians,  who  had,  in  their  philosophy,  made  the  moon  a 
body  of  a  kind  altogether  different  from  this,  and  had  given  an  abun- 
dant quantity  of  I'easona  for  the  visible  marks  on  her  surfaoe,  all  pro- 
ceeding on  these  preconceived  views.  Others  of  his  discoveries  pro- 
duced the  same  effect;  for  instance,  the  now  stars  invisible  to  the  naked 
eye,  and  those  extraordinary  appearances  called  Ifebulse. 

But  before  the  end  of  the  year,  Galileo  had  new  information  to  com- 
municate, bearing  more  decidedly  on  the  Copemican  controversy. 
This  intelligence  was  indeed  decisive  with  regard  to  the  motion  of 
Venus  about  the  snn  ;  for  he  found  that  that  planet,  in  the  course  of 
her  revolution,  assumes  the  same  succession  of  phases  which  the  moon 
exhibits  in  the  course  of  a  month.  This  he  expressed  by  a  Latin  verse : 


transposing  the  letters  of  this  line  in  the  published  account,  according 
to  the  practice  of  the  age;  which  tlins  showed  the  ancient  love  for 
combining  verbal  puzzles  with  scientific  discoveries,  while  it  betrayed 
the  newer  feeling,  of  jealousy  respecting  the  priority  of  discovery  of 
physical  facts. 

It  had  always  been  a  formidable  objection  to  the  Copemican  theory 
that  this  appearance  of  the  planets  bad  not  been  observed.   The  author 

»  Sir  J.  Ilcrsoliel-.  '^   Tlu-ma  Call,  ix,  p.  253. 
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of  that  theory  had  endeavored  to  account  for  this,  by  supposing  that 
the  rays  of  the  sun  passed  freely  through  the  body  of  the  planet ;  and 
Galileo  takes  occasion  to  praise  him  for  not  being  deterred  from  adopt- 
ing the  system  which,  on  the  whole,  appeared  to  agree  best  with  the 
phenomena,  by  meeting  with  sorao  appearances  wliicb  it  did  not  en- 
able him  to  explain."  Yet  while  the  fate  of  tho  theory  was  yot  nn- 
decided,  this  conld  not  but  be  looked  upon  as  a  weak  point  in  its 
defences. 

The  objection,  in  another  form  also,  was  embarrassing  alike  to  the 
Ptolemaic  and  Copernican  syBt^ms.  Why,  it  was  asked,  did  not  Venus 
appear  four  times  as  large  when  nearest  to  the  earth,  as  when  furthest 
from  it  f  The  author  of  the  Epistle  prefixed  to  Copernicus's  work  had 
taken  refuge  in  this  argument  from  the  danger  of  being  supposed  to 
believe  in  the  reality  of  tiie  system ;  and  Bruno  had  attempted  to  an- 
swer it  by  saying,  that  luminous  bodies  were  not  governed  by  the 
same  laws  of  perspective  as  opake  ones.  Bat  a  more  satisfectory  an- 
swer now  readily  offered  itself.  Venus  does  not  appear  four  times  as 
large  when  she  is  four  times  as  near,  because  her  bright  part  is  not  four 
times  as  large,  tiough  her  visible  diameter  is  ;  and  as  she  is  too  small 
for  us  to  see  her  shape  with  tho  naked  eye,  we  judge  of  her  size  only 
by  the  quantity  of  light. 

The  other  great  discoveries  made  in  the  heavens  by  means  of  tele- 
scopes, as  that  of  Saturn's  ring  and  bis  satellites,  the  spots  in  the  sun, 
and  others,  belong  to  the  further  progress  of  astronomy.  But  we  may 
here  observe,  that  this  doctrine  of  the  motion  of  Mercury  and  Venus 
about  the  sun  was  fiirther  confirmed  by  Kepler's  observation  of  the 
transit  of  tho  former  planet  over  the  sun  in  1631.  Our  countryman 
Hortos  was  the  first  person  who,  in  1639,  had  the  satisfaction  of  seeing 
8  transit  of  Venus. 

These  events  are  a  remarkable  instance  of  the  way  in  which  a  dis- 
covery in  art  (for  at  this  period,  the  making  of  telescopes  must  be 
mainly  so  considered)  may  influence  the  progress  of  science.  We  siiall 
soon  have  to  notice  a  still  more  remarkable  example  of  the  way  in 
which  two  sciences  (Asti'onomy  and  Mechanics)  may  influence  and 
promote  the  progress  of  each  other. 

II  Drinliwntcr-Batlinne,  Lift  of  Oalilso,  p.  8S. 
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Sect.  4. — The  Copemican  St/stem  opposed  on  Theological  Grounds. 

The  dootiino  of  the  Earth's  motion  round  tte  Sun,  wheii  it  was 
asserted  and  promulgated  by  Copernicus,  soon  after  1500,  excited  no 
visible  alarm  among  tte  theologians  of  his  own  time.  Indeed,  it  was 
received  with  favor  by  the  most  intelligent  ecclesiastics ;  and  lectures 
in  aiipport  of  the  heliocentric  doctiine  were  delivered  in  the  ecclesias- 
tical colleges.  But  the  assertion  and  confirmation  of  this  doctrine  by 
Galileo,  about  a  century  later,  excited  a  storm  of  controversy,  and  was 
visited  with  severe  condemnation,  Galileo's  own  behavior  appeal's 
to  have  provoked  the  interference  of  the  ecclesiastical  authorities ;  but 
there  must  have  been  a  great  change  in  the  temper  of  the  times  to 
mate  it  possible  for  his  adversaries  to  bring  down  the  sentence  of  the 
Inquisition  upon  opinions  which  had  been  so  long  current  without 
giving  any  serious  offence. 

[2d  Ed.]  pt  appears  to  me  that  the  different  degree  of  toleration 
accorded  to  the  heliocentric  theory  in  the  time  of  Copernicus  and  of 
Galileo,  must  be  ascribed  in  a  great  measure  to  the  controversies  and 
alarms  which  bad  in  the  mean  time  arisen  out  of  the  Eeibrmation  in 
religion,  and  which  had  rendered  the  Romish  Church  more  jealous  of 
innovations  in  received  opinions  than  it  had  previously  been.  It 
appears  too  that  the  discussion  of  such  novel  doctrines  was,  at  that 
time  at  least,  less  freely  tolerated  in  Italy  than  in  other  countries.  In 
1597,  Kepler  writes  to  Galileo  thus :  "Confide  Galilaae  et  progredere. 
Si  bene  conjecto,  pauci  de  praacipuis  Europas  Mathematicis  a  nobis 
secedere  volent ;  tanta  vis  est  veritatJa.  Si  tibi  Italia  minus  est  idonea 
ad  publicationem  et  si  aliijua  habitures  es  impedimenta,  forsan  Ger- 
mania  nobis  hanc  libertatem  concedet" — Ventori,  Mem.  di  Galileo, 
vol.i.  p.  19, 

I  would  not  however  bo  understood  to  assert  the  condemnation  of 
new  doctrines  in  science  to  be  either  a  general  or  a  characteristic 
practice  of  the  Ecmish  Church.  Certainly  the  intelligent  and  culti- 
vated minds  of  Italy,  and  many  of  the  most  eminent  of  her  ecclesiastics 
among  them,  have  always  been  the  foremost  in  promoting  and  welcom- 
ing the  progress  of  science :  and,  as  I  have  stated,  there  were  fouud 
among  the  Italian  ecclesiastics  of  Galileo's  time  many  of  the  earliest 
and  most  enlightened  adherents  of  the  Copemican  system.  The  con- 
demnation of  the  doctrine  of  the  earth's  motion,  is,  so  far  as  I  am 
aware,  the  only  instance  in  which  the  Papal  authority  has  pronounced 
a  decree  upon  a  point  of  science.     And  the  most  candid  of  the  adhe- 
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rents  of  tLe  Romisli  Church  condemn  tha  assumption  of  autiority  m 
Buch  matters,  which  in  this  one  instance,  at  least,  was  made  by  tho 
ecclesiastical  tribunals.  The  author  of  the  Affes  of  Faith  (book  viii. 
p. 248)  says,  "A  congregation,  it  is  to  he  lamented,  declared  the  new 
system  to  be  opposed  to  Scripture,  and  therefore  heretical,"  In  more 
recent  times,  as  I  have  elsewhere  remarked,"  the  Church  of  Authority 
and  the  Church  of  Private  Judgment  have  each  its  pecnliar  temptsr 
tions  and  dangers,  when  there  appears  to  he  a  discrepance  between 
Seriptnre  and  Philosophy. 

But  though  we  may  acijuit  the  popes  and  cardinals  in  Galileo's  time 
of  stupidity  and  perversenesa  in  rejecting  manifest  scientific  ti'uths,  I 
do  not  see  how  we  can  acquit  them  of  dissimulation  and  duplicity. 
Those  persons  appear  to  me  to  defend  in  a  very  strange  manner  the 
conduct  of  the  ecclesiastical  authorities  of  that  period,  who  boast  of 
the  liberality  with  which  Copernican  professors  were  placed  by  them 
in  important  offices,  at  the  very  time  when  the  motion  of  the  earth 
had  been  declared  by  tie  same  authorities  contrary  to  Scripture.  Such 
merits  cannot  make  us  approve  of  their  conduct  in  demanding  from 
Galileo  a  public  recantation  of  the  system  which  they  thus  favored  in 
other  ways,  and  which  they  had  repeatedly  toid  Galileo  he  might  hold 
as  much  as  he  pleased.  Nor  can  any  one,  reading  the  plain  language 
of  tie  Sentence  passed  upon  Galileo,  and  of  the  Abjuration  forced  from 
him,  find  aay  value  in  the  plea  which  has  been  urged,  that  the  opinion 
was  denominated  a  heresy  only  in  a  wide,  improper,  and  technical 
sense. 

But  if  we  are  thus  unable  to  excuse  tho  conduct  of  Galileo's  judges, 
I  do  not  see  how  we  can  give  our  unconditional  admiration  to  the 
philosopher  himself.  Perhaps  the  conventional  decorum  which,  as 
wo  have  seen,  was  required  in  treating  of  the  Copernican  system, 
may  excuse  or  explain  the  furtive  mode  of  insinuating  his  doctrines 
which  he  often  employs,  and  which  some  of  his  historians  admire  as 
subtle  irony,  while  others  blame  it  as  insincerity.  But  I  do  not  see 
with  what  propriety  Galileo  can  be  looked  upon  as  a  "Martyr  of 
Science."  Undoubtedly  he  was  very  desirous  of  promoting  what  he 
conceived  to  be  the  cause  of  philosopLical  truth ;  hut  it  would  seem 
that,  while  he  was  restless  and  eager  in  urging  hia  opinions,  he  was 
always  ready  to  make  such  submissions  as  the  spiritual  tribunals 
n!e  would  really  have  acted  as  a  martyr,  if  he  had  uttered 
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his  "E  pur  si  miiove,"  in  the  place  of  hia  abjura,tion,  Dot  after  it.  But 
even  in  this  case  he  would  have  been  a  martyr  to  a  cause  of  ivitich  the 
merit  was  of  a  mingled  scientific  character ;  for  his  own  special  and 
favorite  share  in  the  reasonings  by  which  the  Copernican  system  was 
supported,  was  the  argument  drawn  from  the  flux  and  reflux  of  the 
sea,  whicli  argument  is  altogether  false.  He  considered  this  as  sup- 
plying a  mechanical  ground  of  belief,  without  which  the  meve  astro- 
nomical reasons  were  quite  insufficient;  but  in  this  case  he  was 
I  by  the  mechanical  sagacity  which   appeared  in  his  other 


The  heliocentric  doctrine  had  for  a  century  been  making  its  way 
into  the  miods  of  thoughtful  men,  on  the  general  gi'ound  of  its  sim- 
plicity and  symmetry,  Gahleo  appears  to  have  thought  that  now, 
when  these  original  recommendations  of  the  system  had  been  rein- 
forced by  his  own  discoveries  and  reasonings,  it  ought  to  be  universally 
acknowledged  as  a  truth  and  a  reality.  And  when  arguments  against 
the  fixity  .of  the  sun  and  the  motion  of  the  earth  were  adduced  from 
the  expressions  of  Scripture,  he  could  not  be  satisfied  without  main- 
taining his  favorite  opinion  to  be  conformable  to  Scripture  as  well  as 
to  Philosophy ;  and  he  was  very  eager  in  his  attempts  to  obtain  from 
authority  a  declaration  to  this  efiect.  The  ecclesiastical  authorities 
were  naturally  averse  to  express  themselves  in  favor  of  a  novel  opinion, 
startling  to  the  common  mind,  and  contrary  to  the  most  obvious 
meaning  of  the  words  of  the  Bible ;  and  when  they  were  compelled  to 
pronounce,  they  decided  against  Galileo  and  his  doctrines.  He  was 
accused  before  the  Inquisition  in  1615;  but  at  that  period  the  result 
was  that  he  was  meiely  recomiuended  to  confine  himself  to  the  mathe- 
matical reasonmgs  upon  the  system,  and  to  abstain  from  meddling 
with  the  Scripture  Galileo's  zeal  for  his  opinions  soon  led  him  again 
to  bring  the  question  under  the  notice  of  the  Pope,  and  the  result  was 
a  declaration  of  the  Inquiiition  that  the  doctrine  of  the  earth's  motion 
appeared  to  be  contiiry  to  the  Sacred  Scripture.  Galileo  was  pro- 
hibited from  defending  and  teaching  this  doctiine  in  any  manner,  and 
promised  obedience  to  this  injunction.  But  in  1632  he  published  his 
Dialogo  ddh  due  Mas'^imi  Sistemi  del  Mondo,  Tolemaico  e  Copemi- 
cano ;"  and  in  this  he  defended  the  heliocentric  system  by  all  the 
strongest  aigumenfs  which  its  admirers  used.  Not  only  so,  but  he 
introduced  into  this  Dtaloffue  a  character  under  the  name  of  Sini- 
plicius,  ia  whose  mouth  was  put  the  defence  of  al!  the  ancient  dogmas, 
and  who  wa'*  r^f  relented  as  defeated  at  all  points  in  the  discussion ; 
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and  he  prefixed  to  the  Dialogue  a  Notice,  To  the  Bisei-eet  Reader,  in 
which,  in  a  vein  of  transparent  irony,  he  assigned  his  reasons  for  the 
pttbiicatioD.  ■  "Some  years  ago,"  he  says,  "a  wholesome  edict  ivaa 
promulgated  at  Rome,  which,  in  order  to  check  the  perilous  scandals 
of  the  present  age,  imposed  silence  upon  the  Pythagorean  opinion  of 
the  motion  of  the  earth.  There  were  not  wanting,"  he  adds,  "  persons 
who  rashly  asserted  that  this  decree  was  the  result,  not  of  a  judicious 
inquiry,  but  of  a  passion  ill-informed ;  and  complaints  were  heard  that 
counsellors,  utteriy  unacquainted  with  asti'onomical  obserFatious,  ought 
not  to  be  allowed,  with  tlieir  undue  prohibitions,  to  clip  the  wings  of 
speculatiTe  intellects.  At  the  hearing  of  rash  lamentations  like  these, 
my  zeal  could  not  keep  silence,"  And  he  tlien  goes  on  to  say  that  he 
wishes,  by  the  publication  of  his  Dialogue,  to  show  that  the  subject 
had  been  fully  examined  at  Eome.  The  result  of  this  was  that  Galileo 
■was  condemned  for  his  infraction  of  the  injunction  laid  upon  him  in 
1616  ;  his  Dialogue  was  prohibited  ;  he  himself  was  commanded  to 
abjure  on  his  knees  lie  doctrine  which  he  had  taught ;  and  this  abju- 
ration he  performed. 

This  celebrated  event  must  be  looked  upon  rather  as  a  question  of 
deeorum  than  a  struggle  in  which  the  interests  of  truth  and  free  in- 
quiry were  deeply  concerned.  The  general  acceptance  of  the  Coperni- 
can  System  was  no  longer  a  matter  of  doubt.  Several  persons  in  the 
highest  positions,  including  the  Pope  himself,  looked  upon  the  doctrine 
with  favorable  eyes ;  and  had  shown  their  interest  in  Galileo  and  hK 
discoveries.  They  had  tried  to  prevent  his  involving  hjniself  in  trou- 
ble by  discussing  the  question  on  scriptural  grounds.  It  is  probable 
that  hia  knowledge  of  those  favorable  dispositions  towards  himself  and 
his  opinions  led  him  to  suppose  that  the  slightest  color  of  professed 
submission  to  the  Church  in  his  belief,  would  enable  his  argnraents  in 
fevor  of  the  system  to  pass  unvisited ;  the  notice  which  I  have  quoted, 
in  which  the  irony  is  quite  transparent  and  the  sarcasm  glaringly  ob- 
vious, was  deemed  too  flimsy  a  veil  for  the  purpose  of  decency,  and 
indeed  must  have  aggravated  the  offence.  But  it  is  not  to  be  supposed 
that  the  inquisitors  believed  Galileo's  abjuration  to  be  sincere,  or  even 
that  they  wished  it  to  be  so.  It  is  stated  that  when  Galileo  had  made 
his  renunciation  of  the  earth's  motion,  he  rose  from  his  knees,  and 
stamping  on  the  earth  with  his  foot,  said,  E pur  si  muove — "  And  yet 
it  does  move."  This  is  sometimes  represented  as  the  heroic  soliloquy 
of  a  mind  cherishing  its  conviction  of  the  truth  in  spite  of  persecution : 
I  think  we  may  more  naturally  conceive  it  uttered  as  a  playful  epi- 
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gram  in  tlie  ear  of  a  cardinal's  secretary,  with  a  full  knowledge  that  it 
would  be  immediately  repeated  to  his  master. 

[2d  Ed.]  [Throughout  the  course  of  the  proceedings  against  him, 
Galileo  was  treated  with  gi'eat  courtesy  and  indulgence.  He  was  con- 
1  to  a  formal  imprisonment  and  a  very  light  discipline.  "Te 
IS  ad  formalem  carcerem  hujus  S.  Officii  ad  tempns  atbitrio 
nostro  limitandum ;  et  titulo  p(KnitentiEe  saktai-is  prsecipimus  at  tribus 
annis  futuris  recites  semil  in  hebdomadft  aeptem  psalmos  pen itenti ales." 
But  this  confinement  was  reduced  to  his  being  placed  under  some 
slight  restrictions,  first  at  the  house  of  Nicolini,  the  ambassador  of  his 
own  sovereign,  and  afterwards  at  the  country  scat  of  Archbishop  Pie- 
coiomini,  one  of  his  own  wai'meat  Mends, 

It  has  sometimes  been  averted  or  insinuated  that  Galileo  was  sub- 
jected ia  bodily  torture.  An  argument  has  been  drawn  from  the  ex- 
pressions used  in  his  sentence :  "  Cum  vero  nobis  videretur  non  esse  a 
te  integram  vcritatem  pronunciatam  circa  tuam  intentionem ;  judica- 
vimus  necease  esse  venire  ad  rigorosum  examen  tui,  in  quo  reapondisti 
catholice."  It  has  been  argued  by  M.  Libri  (Hist,  des  Scienceg  Ma- 
thkiwiiques  en  Italie,  vol.  iv.  p.  259),  and  M.  Quinet  {I?  Ultramonta- 
msme,i7.  Leqon, -p.  104),  that  th&rigorosum  examen  necessarily  implies 
bodily  torture,  notwithstanding  that  no  such  thing  is  mentioned  by 
Galileo  and  his  contemporaries,  and  notwithstanding  the  consideration 
with  which  he  was  treated  in  all  otter  respects ;  but  M.  Eiot  more 
justly  remarks  {Biogr.  Univ.  Art.  Galileo),  that  such  a  procedure  ia 
incredible. 

To  the  opinion  of  M.  Biot,  we  may  add  that  of  Delambre,  who  k- 
jects  the  notion  of  Galileo's  having  been  put  to  the  torture,  as  incon- 
sistent with  the  general  conduct  of  the  authorities  towards  him,  and  as 
irreconcilable  with  the  accounts  of  the  trial  given  by  Galileo  himself, 
and  by  a  servant  of  his,  who  never  quitted  hiia  for  an  instant.  He 
adds  also,  that  it  is  inconsistent  with  the  words  of  his  sentence,  "  ne 
tuus  iste  gravis  et  pernieiosus  error  ac  transgresaio  remaneat  omnino 
impunilus;^'  for  the  error  would  have  leen  already  very  far  from  im- 
punity, if  Galileo  had  been  piflvionsl}  lubjeoted  to  the  rack.  He  adds, 
very  reasonably,  "ii  ne  faut  noircir  pevhonne  sans  preave,  pas  m&me 
llnquisition ;" — we  must  not  cilumniate  even  the  Inquisition.] 

The  ecclesiastical  authorities  ha^mg  once  declared  the  doctrine  of 
the  earth's  motion  to  be  contiaiy  to  Sonpture  and  heretical,  long  ad- 
hered in  form  to  this  declaration,  and  did  not  allow  the  Coperuican 
system  to  be  taught  in  any  other  way  than  as  an  "  hypothosia."     The 
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Padua  edition  of  Galileo's  worfes,  published  in  1744,  coutains  the  Dia- 
logue whiut  now,  the  editors  aay,  "  Esce  finaimente  a  pubhlioo  libei'o 
uso      11    d  I  t    1  w    t  ]    t  freely  published  with  the  reijui- 

aite  Icesebtthydl  q  t  alia  Quistione  principale  del  moto 
dell    t  h  f   m   m    alia  ritraziono  et  protesta  dell' 

Aut        d  h         d        11    J      sol  forma,  che  non  puo,  ne  dee  am- 

inet        ae  m     p       Ip  t      M  thematice,  che  servo  a  spiegare 

pin    g      1         t        t  f      m  eitier  can  nor  ought  to  be  ad- 

mitted except  as  a  convenient  hypothesis,"  And  in  the  edition  of 
Newton's  Priwipia,  published  in  1760,  by  Le  Sueur  and  Jacquier,  of 
the  Order  of  Minims,  the  editors  prefix  to  the  Third  Book  their  Decla- 
ratio,  that  though  Newton  assnmes  the  hypothesis  of  the  motion  of  the 
earth,  and  therefore  they  had  used  similar  language,  they  were,  in  do- 
ing this,  assuming  a  character  which  did  not  belong  to  them.  "Ilino 
fllienam  coacti  sumus  gerere  personam,"  They  add,  "  Cseterum  Jatis  a 
summis  Pontificibua  contra  teiluris  motum  Decretis,  nos  ohaequi  pro- 
fitemur." 

By  thus  making  decrees  against  a  doctrine  which  iu  the  course  of 
time  was  established  aa  an  indisputable  scientific  trath,  the 
Rome  was  guilty  of  an  unwise  and  unfortunate  stretch  of 
authority.  But  though  we  do  not  hesitate  to  pronounce  such  a  judg- 
ment on  this  case,  we  may  add  that  there  is  a  question  of  no  smsdl 
real  diflicultj,  which  the  progress  of  science  often  brings  into  notice, 
as  it  did  then.  The  Revelation  on  which  our  religion  is  founded,  seems 
to  declare,  or  to  take  for  granted,  opinions  on  points  on  which  Science 
also  gives  her  decision ;  and  we  then  come  to  this  dilemma,- — that 
doctrines,  established  by  a  scientific  use  of  reason,  may  seem  to  contra- 
dict the  declarations  of  Revelation,  according  to  our  view  of  its  mean- 
ing;-—and  yet,  that  we  cannot,  in  consistency  with  our  rehgious  views, 
make  reason  a  judge  of  the  truth  of  revealed  doctrines.  In  the  case  of 
Astronomy,  on  which  Galileo  was  called  in  question,  the  general  sense 
of  cultivated  and  sober-minded  men  has  long  ago  drawn  that  distinc- 
tion between  religious  and  physical  tenete,  which  is  necessary  to  re^ 
solve  this  dilemma.  On  this  point,  it  is  reasonably  held,  that  the 
phrases  which  are  employed  in  Scripture  respecting  astronomical  facts, 
are  not  to  be  made  use  of  to  guide  our  scientific  opinions  ;  they  may 
be  supposed  to  answer  their  end  if  they  fall  in  with  common  notions, 
and  are  thus  effectually  subservient  to  the  moral  and  religious  import 
of  Revelation.  But  the  establishment  of  this  distinction  was  not  accom- 
plished without  long  and  distressing  controversies.     Nor,  if  we  wish  to 
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include  all  cases  ia  wliicli  the  same  dilemma  may  again  come  into  play, 
is  it  easy  to  lay  down  an  adequate  canon  for  tlie  purpose.  For  we  can 
hardly  foresee,  beforehand,  what  part  of  the  past  history  of  the  universe 
may  eventually  be  found  to  come  within  the  domain  of  science ;  or 
what  bearing  the  tenets,  which  science  establishes,  may  have  upon  our 
view  of  the  providential  and  revealed  government  of  the  world.  But 
without  attempting  here  to  generalize  on  this  subject,  there  are  two 
reflections  which  may  be  worth  onr  notice :  they  are  supported  by 
what  took  place  in  reference  to  Astronomy  on  the  occasion  of  which 
we  are  speaking;  and  may,  at  other  periods,  be  applicable  to  otbev 


In  the  first  place,  the  meaning  which  any  generation  puts  upon  the 
phrases  of  Scripture,  depends,  more  than  is  at  first  sight  supposed, 
upon  the  received  philosophy  of  the  time.  Hence,  while  men  imagine 
that  they  are  contending  for  Revelation,  they  are,  in  fact,  contending 
for  their  own  interpretation  of  Revelation,  unconsciously  adapted  to 
what  they  believe  to  be  rationally  probable.  And  the  new  interpre- 
tation, which  the  new  philosophy  requires,  and  which  appears  to  the 
older  school  to  be  a  fatal  violence  done  to  the  authority  of  religion, 
is  accepted  by  their  successors  without  the  dangerous  results  which 
were  apprehended.  When  the  language  of  Scripture,  invested  with  its 
new  meaning,  has  become  familiar  to  men,  it  is  found  that  the  ideas 
which  it  calls  up,  are  quite  as  reconcilable  as  the  former  ones  were, 
with  the  soundest  religious  views.  And  the  world  then  looks  back 
with  surprise  at  the  error  of  those  who  thought  that  the  essence  of 
Bevelation  was  involved  in  their  own  arbitrary  version  of  some  collat- 
eral circumstance.  At  the  present  day  we  can  hardly  conceive  how 
reasonable  men  should  have  imagined  that  religious  reflections  on  the 
stability  of  the  earth,  and  the  beauty  and  use  of  the  luminaries  which 
revolve  round  it,  would  be  interfered  with  by  its  being  acknowledged 
that  this  rest  and  motion  are  apparent  only. 

In  the  next  place,  we  may  observe  that  those  who  thus  a^lhere  tenar 
cioualy  to  the  traditionary  or  arbitrary  mode  of  understanding  Scrip- 
tural expressions  of  physical  events,  are  always  strongly  condemned 
by  succeeding  generations.  They  are  looked  upon  with  contempt  by 
the  world  at  large,  who  cannot  enter  into  the  obsolete  difficulties  with 
which  they  encumbered  themselves;  and  with  pity  by  the  more  con- 
siderate and  serious,  who  know  how  much  sagadty  and  rightminded- 
ness  are  requisite  for  the  conduct  of  philosophers  and  religious  men  on 
Buch  occaaons ;  but  who  know  also  how  weak  and  vain  is  the  attempt 
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to  get  rid  of  tlie  difficulty  by  merely  dcnoimciiig  the  new  tenets  as 
incoBsistoflt  with  reli^ous  belief,  and  by  visiting  the  promulgators  of 
them  with  BSTerity  such  as  the  state  of  opinions  and  institutions  may 
allow.  The  prosecntors  of  Galileo  are  still  up  to  the  scorn  and  aver- 
sion of  mankind  :  although,  as  we  have  seen,  they  did  not  act  till  it 
seemed  that  their  position  compelled  them  to  do  so,  and  then  pro- 
ceeded with  all  the  gentleness  and  moderation  ivliich  were  compatible 
with  judicial  forms. 

Sect.  5. — The  Seliocsniric  Theory  confirmed  on  Physical  considera- 
tions,-— [Prelude  to  Kepler's  As troMmicar Discoveries.) 

By  physical  views,  I  mean,  as  I  have  already  said,  those  which  de- 
pend on  the  causes  of  the  motions  of  matter,  as,  for  instance,  the  con- 
sideration of  tie  nature  and  laws  of  the  force  by  which  bodies  fall 
downwards.  Such  considerations  were  necessarily  and  immediately 
brougtt  under  notice  by  tie  examination  of  the  Copemican  theory ; 
but  the  loose  and  inaccurate  notions  which  prevailed  respecting  the 
nature  and  laws  of  force,  prevented,  for  some  time,  all  distinct  reason- 
ing on  this  subject,  and  gave  truth  little  advantage  over  error.  The 
formation  of  a  new  Science,  the  Science  of  Motion  and  its  Causes,  was 
requisite,  before  the  heliocentric  system  could  have  justice  done  it  with 
regard  to  this  part  of  the  subject 

This  discussion  was  at  first  carried  on,  as  was  to  be  expected,  in 
terms  of  the  received,  that  is,  the  Aristotelian  doctrines.  Thus,  Coper- 
nicus says  that  terr^trial  ttings  appear  to  be  at  rest  when  they  have 
a  motion  according  to  nature,  that  is,  a  circniar  motion  ;  and  ascend 
or  descend  when  they  have,  in  addition  to  this,  a  rectilinear  motion  by 
which  they  cndeaver  to  get  into  their  own  place.  But  his  disciples 
soon  began  to  question  the  Aristotelian  dogmas,  and  to  seek  for  sounder 
view    1  y  th  f  th        wn      as  Th    g      t  t        inst 

this    y  t  m        y    M^  tl  th  t  1       j   b  d  It        ove 

to  th       nt       t  tl  d  1    ht  bod      f        th         t        But 

I  w     Id      k   wh        d  t  tl  I  f  h    vy      d  ]  ght 

bod  ea !  a  d  h  w        u    kn  wl  1  th         ubj    t       te  d  d  so  far 

that  w  n  -ft  th       t      ty  g  tl  t       f  th    whole 

universe !  Is  not  tlie  only  residence  and  honoe  of  all  the  things  which 
are  heivy  and  light  to  us,  the  earth  and  the  air  which  surrounds  it? 
and  what  js  the  earth  and  the  ambient  air,  with  respect  to  the  im- 
mensity of  the  universe !  It  is  a  point,  a  punotule,  or  something,  if 
theie  be  ray  thing,  still  less.     As  our  light  and  heavy  bodies  tend  to 
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tie  centre  of  our  earth,  it  is  credible  that  the  suu,  the  moon,  and  the 
other  lights,  liave  a  similar  affection,  by  ■which  they  remain  I'oirad  as 
we  see  them ;  but  none  of  these  centres  is  necessarily  the  centre  of  the 


The  most  obvious  and  important  pJijsical  difficulty  attendant  upon 
the  supposition  of  the  motion  of  the  earth  was  thus  stated :  If  the  earth 
move,  how  is  it  that  a  stone,  dropped  from  the  top  of  a  iiigh  tower, 
falls  exactly  at  tie  foot  of  the  tower?  since  the  tower  baing  carried 
from  west  to  oast  by  tbe  diurnal  revolution  of  the  earth,  tbe  stone  must 
be  left  behind  to  tbe  west  of  the  place  from  which  it  was  let  fall.  The 
proper  answer  to  this  was,  that  tke  motion  which  the  falhng  body  re- 
ceived from  its  tendency  downwards  was  compounded  with  the  motion 
which,  before  it  fell,  it  had  in  virtue  of  the  earth's  rotation :  but  tiis 
answer  could  not  be  clearly  made  or  apprehended,  till  Galileo  and  his 
pupils  had  established  tbe  laws  of  such  Compositions  of  motion  arising 
from  different  forces.  Eothraan,  Kepler,  and  other  defenders  of  the 
Copemioan  system,  gave  their  reply  somewhat  at  a  venture,  when  tbey 
asserted  that  the  motion  of  the  earth  was  communicated  to  bodies  at 
its  surface.  Still,  the  facts  which  indicate  and  establish  this  truth  are 
obvious,  when  the  subject  is  steadily  considered ;  and  the  Copemieans 
soon  found  that  they  had  the  superiority  of  argumoct  on  this  point  as 
well  as  others.  The  attacks  upon  the  Ooperniean  system  by  Durret, 
Morin,  Ejccioli,  and  the  defence  of  it  by  Galileo,  Lansberg,  GaSsondi," 
left  on  all  candid  reasoners  a  clear  impression  in  favor  of  the  system. 
Morin  attempted  to  stop  the  motion  of  the  earth,  which  he  called 
;  his  Aim  Terrce  Fractm  was  published  in  1643, 
1  by  Gassendi.  And  Riceioli,  as  late  aa  1853,  in  his  Al- 
n  Novum,  enumerated  fifty  seven  Copernican  arguments,  and 
pretended  to  refute  them  all  but  such  reasonings  now  made  no  con- 
verts ;  and  by  this  time  the  mechanical  objections  to  the  mr  tion  of  the 
earth  were  generally  seen  to  be  baselc=a  as  we  shall  rekte  T\hen  we 
come  to  speak  of  tho  progress  of  Mechanics  ^s  a  distinct  science  In 
the  mean  time,  tho  beauty  and  simpli  ify  of  the  heliocentric  theory 
were  perpetually  winning  the  admiration  o\en  of  those  who,  from  one 
cause  or  other,  refused  their  asaent  to  it  Thus  Kicciob,  the  lait  of  its 
considerable  opponents,  allows  its  superiority  in  these  respects,  and! 
acknowledges  (in  1663)  that  the  Copernican  belief  appears  rather  to 
increase  than  diminish  under  the  condemnation  of  the  dpciees  of  the 
Cardinals,     He  applies  to  it  the  lines  of  Horace  :'* 

<"  Del.  A,  M.  vol.  i,  p.  59i.  ■'  /ISniflj/.  Ifos.  p.  102. 
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We  have  spoken  of  the  influence  of  the  motion  of  the  eartJi 
motions  of  hodies  at  its  surface ;  hut  the  notion  of  a  physical  c 
tion  among  the  parts  of  the  universe  was  taken  up  by  Kepler 
other  point  of  view,  which  would  probably  have  b 
highly  jantastical,  if  the  result  had  not  been,  that  it  led  to  by  far  the 
most  magnificent  and  most  certain  train  of  truths  which  tho  whoL 
pause  of  human  knowledge  can  show.  I  speak  of  the 
the  existence  of  numerical  and  geometrical  laws  connecting 
tances,  times,  and  forces  of  the  bodies  which  revolve  about  the  central 
suD.  That  steady  and  intense  conviction  of  this  governing  principle, 
which  made  its  development  and  verification  the  leading  employment 
of  Kepler's  most  active  and  busy  life,  cannot  be  considered  otherwise 
than  as  an  example  of  profound  sagacity.  That  it  was 
though  dimly  and  obscurely,  with  the  notion  of  a  central  agency  or 
influence  of  some  sort,  emanating  from  the  sun,  cannot 
Kepler,  in  his  first  essay  of  this  kind,  the  My^terium  Cosu 
says,  "The  motion  of  the  earth,  which  Copernicus  had  proved  by 
mathematical  reasons,  I  wanted  to  prove  \ij  physical,  or,  if  you  prefer 
it,  metaphysical."  In  the  twentieth  chapter  of  that  work,  he  endeavors 
to  make  out  some  relation  between  the  distances  of  the  Planets  from 
the  Sun  and  tbeir  velocities.  The  inveterate  yet  vague  notions  of  forces 
which  preside  in  this  attempt,  may  be  judged  of  by  such  passages  as 
the  following ; — "  We  must  suppose  one  of  two  things ;  either  that  the 
moving  spirits,  in  proportion  as  they  are  more  removed  from  the  sun, 
are  more  feeble;  or  that  there  is  one  moving  spirit  in  the  centre  of 
all  the  orbits,  namely,  in  the  sun,  which  urges  each  body  the  more 
vehemently  in  proportion  as  it  is  nearer ;  but  in  more  distant  spaces 
languishes  in  consequence  of  the  remoteness  and  attenuation  of  its 
virtue." 

We  must  not  forget,  in  reading  such  passages,  that  they  were  writ- 
ten under  a  belief  that  force  was  reijuisite  to  keep  up,  as  well  as  to 
change  the  motion  of  each  planet ;  and  that  a  body,  moving  in  a  cir- 
cle, would  slop  when  the  force  of  the  central  point  ceased,  instead  of 
m.oving  off  in  a  tangent  to  the  drcle,  as  we  now  know  it  would  do. 
The  force  which  Kepler  supposes  is  a  tangential  force,  in  the  direction 
of  the  body's  motion,  and  nearly  perpendicular  to  the  radius;   the 
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force  which  modern  philosophy  has  established,  is  ia  the  direction  of 
the  radius,  and  nearly  perpendicular  to  the  body's  path.  Kepler  was 
right  no  further  than  in  his  suspicion  of  a  connection  between  the  cause 
of  motion  and  the  distance  from  the  centre;  not  only  was  his  knowl- 
edge imperfect  in  all  particulars,  but  his  most  general  conception  of 
the  mode  of  action  of  a  cause  of  motion  was  erroneous. 

With  these  general  convictions  and  these  physical  notions  in  his 
mind,  Eepler  endeavored  to  detect  numerical  and  geometrical  relations 
among  the  parts  of  the  solar  system.  After  extraordinary  labor,  per- 
severance, and  ingenuity,  he  was  eminently  successful  in  discovering 
such  relations ;  but  the  glory  and  merit  of  interpreting  them  according 
to  their  physical  meaning,  was  reserved  for  his  greater  successor, 
Newton. 


CHAPTER   IV. 
Inductive  Epoch  of  Kepler. 


Seel.  1. — Inlelkclual  Character  of  Kepler, 

SEVERAL  persons,'  especially  in  recent  times,  who  have  taken  a 
view  of  the  discoveries  of  Kepler,  appear  to  have  been  surprised 
and  somewhat  discontented  that  conjectm-es,  apparently  so  fanciful  and 
arbitrary  as  his,  should  have  led  to  important  discoveries.  They  seem 
to  have  been  alarmed  at  the  Moral  that  their  readers  might  draw, 
from  the  tale  of  a  Quest  of  Knowledge,  in  which  the  Hero,  though  fan- 
tastical and  self-willed,  and  violating  in  his  conduct,  aa  they  conceived, 
all  right  rule  and  sound  philosophy,  is  rewarded  with  the  most  signal 
triumphs.  Perhaps  one  or  two  reflections  may  in  some  measure  rec- 
oncile us  to  this  result. 


'  Laplace,  Prkis  de  I'Sist.  d'Ast.  p.  94.  "11  est  affligeant  pour  I'esprit  liumsin 
)  voir  OB  grand  homme,  mSme  dans  ses  dernjars  ouvri^eB,  se  oomplturo  aveo  d^ 
!ea  dans  aas  chimdriqnes  Bp^eulations,  et  les  regarder  oomme  I'Sme  at  la  vio  de 


Mat.  of  Ast.,!,.  U.  K,  p.  58.  "Tl 
dismay  thosa  who  ata  aocustomad  tc 
aa  tha  only  means  to  interrogate  iiatura  with  Buoeesa." 

lAfe  of  S^Ter,  L. U.  K.,  p.  14,  "Bad  philosophy."  F.  16,  "Kepler's  miraonlons 
good  fortnna  in  seizing  truOia  acrosB  the  Tvildest  tind  most  aljsurd  theoriee."  P. 
o4,  "  The  diinger  of  altempUng  to  foUow  his  method  in  the  pnrsnlt  of  truth." 
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In  the  first  place,  we  may  observe  that  the  leading  thought  which 
suggested  and  animated  oil  Kopler's  attempts  was  true,  and  we  may 
add,  sagacious  and  philosophical ;  namely,  that  there  must  be  some 
numerical  or  geometrical  relations  among  the  limes,  distances,  and 
velocities  of  the  revolving  hodiea  of  the  solar  system.  This  settled  and 
constant  conviction  of  an  important  truth  regulated  all  the  conjectures, 
apparently  so  capricious  and  fanciful,  which  he  made  and  examined, 
respecting  particular  relations  in  the  system. 

In  the  next  place,  we  may  venture  to  say,  that  advances  in  knowl- 
edge are  not  commonly  made  without  the  previous  exercise  of  some 
boldness  and  license  in  guessing.  The  discovery  of  new  truths  re- 
quires, nndoubtedly,  minds  careful  and  acrupnlous  in  examining  what 
is  suggested;  but  it  requires,  no  less,  such  as  are  quick  and  fertile  in 
suggesting.  What  is  Invention,  except  the  talent  of  rapidly  calling 
.before  us  many  possibilities,  and  selecting  the  appropriate  one?  It  is 
true,  that  when  we  have  rejected  all  the  inadmissible  suppositions, 
they  are  quickly  forgotten  by  moat  persons ;  and  few  think  it  neces- 
sary to  dwell  on  these  discarded  hypotheses,  and  on  the  p  ess  by 
which  they  were  condemned,  as  Kepler  has  done.  But  II  wh  d 
cover  truths  must  have  reasoned  upon  many  errors,  to  bta  n  ea  h 
truth;  every  accepted  doctrine  must  have  been  one  sel  t  d  at  f 
many  candidates.  In  making  many  conjectures,  which  on  tr  al  p  o  d 
erroneous,  Kepler  was  no  more  fanciful  or  unphilosophical  than  th 
discoverers  have  been.  Discovery  is  not  a  "  cautious"  or  "  rigorous" 
process,  in  the  sense  of  abstaining  from  such  suppositions.  But  there 
are  great  differences  in  different  cases,  in  the  facility  with  which  guesses 
are  proved  to  be  errors,  and  in  the  degree  of  attention  with  which  the 
error  and  the  proof  are  afterwards  dwelt  on.  Kepler  certainly  was 
remarkable  for  the  labor  which  he  gave  to  such  self-refutations,  and 
for  the  candor  and  copiousness  with  which  he  narrated  them ;  his 
works  are  in  this  way  extremely  curious  and  amusing;  and  are  a  very 
instructive  exhibition  of  the  mental  process  of  discovery.  But  in  tbia 
respect,  I  venture  to  believe,  they  exhibit  to  ns  the  usual  process 
(somewhat  caricatured)  of  inventive  minds :  they  rather  exemplify  the 
rule  of  genina  than  (as  has  generally  been  hitherto  taught)  the  excep- 
tion. We  may  add,  that  if  many  of  Kopler's  guesses  now  appear 
fanciful  and  absurd,  because  time  and  observation  h 
others,  which  were  at  the  time  equally  gratuitous,  hm 
by  succeeding  discoveries  in  a  manner  which  makes  them  appear 
marvellously  sagacious ;  as,  for  instance,  his  assertion  of  the  rotation  of 
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tte  sun  on  his  axis,  before  the  invention  of  the  telescope,  and  his  opin- 
ion that  the  obliquity  of  the  ecliptic  was  decreasing,  but  would,  after 
a  long-continued  diminution,  stop,  and  then  increase  again.'  Nothing 
can  be  more  just,  as  well  as  more  poetically  happy,  than  Eepler's  pic- 
ture of  the  philosopher's  pursuit  of  scientific  truth,  conveyed  by  means 
of  an  allusion  to  Virgil's  shepherd  and  shepherdess : 

Male  me  Galaioa  petit,  laeoiya  puella 

Et  fiigit  ad  salioes  et  so  cupit  ante  videri. 

CoyjetiiiTiting,  Qalatea  loves 

To  sport  in  sight,  then  plunge  iato  the  groves ; 

The  ohallenga  givoo,  she  darts  along  the  green, 

Will  not  be  oauglil,  yet  wonld  not  run  uuaeen. 

We  may  notice  as  another  peculiarity  of  Kepler's  reasonings,  the 
length  and  laboriousness  of  ihe  processes  by  which  he  discovered  the 
errors  of  his  first  guesses.  One  of  the  most  important  talents  requisite 
for  a  discoverer,  is  the  ingenuity  and  skill  which  devises  means  for  rap- 
idly toting  false  suppositions  as  they  offer  themselves.  This  talent 
Kepler  did  not  possess :  he  was  not  even  a  good  arithmetical  calcula- 
tor, often  making  mistakes,  some  of  which  he  detected  and  laments, 
while  others  escaped  him  to  the  last  But  his  defects  in  this  respect 
were  compensated  by  his  courage  and  perseverance  in  iinderta]dng  and 
executing  such  tasks;  and,  what  was  still  more  admirable,  he  never 
allowed  the  labor  he  had  spent  upon  any  conjecture  to  produce  any 
reluctance  in  abandoning  the  hypothesis,  as  soon  as  be  had  evidence 
of  its  inaccuracy.  The  only  way  in  which  he  rewarded  himself  for  his 
trouble,  was  by  describing  to  the  world,  in  his  lively  manner,  his 
schemes,  exertions,  and  feelings. 

The  mystical  parts  of  Kepler's  opinions,  as  his  belief  in  astrology,  his 
persuasion  that  the  earth,  was  an  anima!,  and  many  of  the  loose  mora! 
and  spiritual  as  well  as  sensible  analyses  by  which  he  represented  to 
himself  the  powers  which  he  supposed  to  prevail  in  the  universe,  do 
not  appear  to  have  interfered  with  his  discovery,  but  rather  to  have 
stimulated  his  invention,  and  animated  his  exertions.  Indeed,  where 
there  are  clear  scientific  ideas  on  one  subject  in  the  mind,  it  does  not 
appear  that  mysticism  on  others  is  at  all  unfavorable  to  the  successful 
prosecution  of  research, 

I  conceive,  then,  that  we  may  consider  Kepler's  character  as  con- 
tjuning  the  general  features  of  the  character  of  a  scientific  discoverer, 

.»  BaUiy,  ^.  J/:  iii.  175, 
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tiougli  some  of  the  features  are  exaggerated,  and  some  too  feebly 
marked.  His  spirit  of  itiveiitiou  was  undoubtedly  very  fertile  and 
ready,  and  this  and  bis  perseverance  served  to  remedy  his  deficiency  in 
mathemaUcal  artifice  and  metiod.  But  the  peculiar  physiognomy  is 
given  to  his  intellectual  aspect  by  bis  dwelling  in  a  most  prominent 
manner  on  those  erroneovs  trains  of  thought  which  other  persons  con- 
ceal from  the  world,  and  often  themselves  forget,  because  they  find 
mosBs  of  stopping  them  at  the  outset.  In  tbe  beginning  of  his  book 
(Arffumenta  Capilum)  he  says,  "  if  Christopher  Columbus,  if  Magel- 
lan, if  the  Portuguese,  when  they  narrate  their  wanderings,  are  not 
only  excused,  but  if  we  do  not  wish  these  passages  omitted,  and  should 
lose  much  pleasure  if  they  were,  let  no  one  blame  me  for  doing  the 
same."  Kepler's  talents  were  a  kindly  and  fertile  soil,  which  he  culti- 
vated with  abundant  toil  and  vigor ;  but  with  great  scantiness  of  agri- 
cultural still  and  icoplements.  Weeds  and  the  grain  throve  and  flour- 
ished side  by  side  almost  undistingnisbed ;  and  he  gave  a  peculiar 
appearance  to  tis  harvest,  by  gathering  and  preserving  the  one  class  of 
plants  with  as  much  care  and  diligence  as  the  other. 


Sect.  2. — Kepler's  Discovery  of  kk  Third  Law. 
I  SHALL  now  give  some  account  of  Kepler's  speculations  and  discov- 
eries. The  first  discovery  which  bo  attempted,  the  relation  among  the 
successive  distances  of  the  planets  from  the  sun,  was  a  failure ;  his  doc- 
taine  being  without  any  solid  foundation,  although  propounded  by  him 
with  great  triumph,  in  a  work  which  ho  called  Mysterinm  Cosm.ogra.phi- 
cum,  and  which  was  published  in  1596.  The  account  which  he  gives 
of  the  train  of  his  thoughts  on  this  subject,  namely,  the  various  sup- 
positions assumed,  examined,  and  rejected,  is  curious  and  instructive, 
for  the  reasons  just  stated ;  but  we  shall  not  dwell  upon  these  essays, 
since  they  led  only  to  an  opinion  now  entirely  abandoned.  The  doe- 
trine  which  professed  to  give  the  true  relation  of  the  orbits  of  the  dif- 
ferent planets,  was  thus  delivered  :*  "  The  orbit  of  the  earth  is  a  circle : 
round  the  sphere  to  which  this  circle  belongs,  describe  a  dodecahedron ; 
the  sphere  including  this  will  give  the  orbit  of  Mars,  Round  Mars 
describe  a  tetrahedron ;  the  circle,  including  this  will  be  the  orbit  of 
Jupiter.  Describe  a  cube  round  Jupiter's  orbit;  the  circle  including 
this  will  be  the  orbit  of  Saturn.  Now  inscribe  in  tho  Earth's  orbit  an 
ioosahedron ;  the  circle  inscribed  in  it  will  be  the  orbit  of  Venus.     In- 

=  L,  U.  K.  Kepler,  e. 
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scribe  an  octaliedroii  in  tlie  orbit  of  Venus ;  the  circle  inscribed  in  it 
will  be  Mercniy's  orbit.  This  is  the  reason  of  the  unmber  of  the 
planets."  The  five  kinds  of  polyhedral  bodies  here  mentioned  arc  the 
only  "  Eegular  Solids," 

But  though  this  part  of  the  Mysterium  Cosmoffraphicum  was  a  fail- 
ure, the  same  researches  continued  to  occupy  Kepler's  mind ;  and  twen- 
ty-two years  later  led  him  to  one  of  the  important  rules  known  to  lis 
as  "  Kepler's  Iaws  ;"  namely,  to  the  rule  connecting  the  mean  dis- 
tances.of  the  planets  from  the  sun  with  the  times  of  their  revolutions. 
This  rule  as  expressed  in  mathematical  tei'ms,  by  saying  that  the  squares 
of  the  periodic  times  are  in  the  same  proportion  as  the  cubes  of  the 
distances  ;  and  was  of  gi'eat  importance  to  Newton  in  leading  him  to 
the  law  of  the  sun's  attractive  force.  We  may  properly  consider  this 
discovery  as  the  sequel  of  the  train  of  thought  already  noticed.  In  the 
beginning  of  the  Mysterium,  Kepler  had  said,  "In  the  year  1595, 1 
brooded  with  the  whole  energy  of  my  mind  on  the  sulryect  of  the  Co- 
pernican  system.  There  were  three  things  in  particular  of  which  I 
pertinaciously  sought  the  causes  why  they  are  not  other  than  they  are ; 
the  number,  the  size,  and  the  motion  of  tho  orbits."  We  have  seen 
the  nature  of  his  attempt  to  account  for  the  two  first  of  these  points. 
He  had  also  made  some  essays  to  connect  the  motions  of  the  planets 
with  their  distances,  but  with  his  success  in  this  respect  he  was  not 
himself  completely  satisfied.  But  in  the  fifth  book  of  the  Rarmonice 
Mundi,  published  in  1619,  he  says,  "What  I  prophesied  two-and- 
twenty  yeai's  ago  as  soon  as  I  had  discovered  the  Five  Solids  among  the 
Heavenly  Bodies ;  what  I  firmly  believed  before  I  had  seen  the  ffar- 
monics  of  Ptolemy ;  what  I  promised  my  friends  in  the  title  of  this 
book  (On,  the  moat  perfect  Sarmony  of  the  Celestial  Motions),  which 
I  named  before  I  was  sure  of  my  discovery ;  what  sixteen  years  ago  I 
regarded  as  a  thing  to  be  sought ;  that  for  which  I  joined  Tycbo  Braho, 
for  which  I  settled  in  Prague,  for  which  I  have  devoted  the  best  part 
of  my  life  to  astronomical  contemplations;  at  longtii  3  have  brought 
to  light,  and  have  recognized  its  truth  beyond  my  most  sanguine  ex- 
pectations." 

The  rule  thus  referred  to  is  stated  in  the  third  Chapter  of  this  fifth 
Book.  "  It  is,"  he  says,  "  a  most  certain  and  exact  thing  that  the  pro- 
portion which  exists  between  the  periodic  times  of  any  two  planets  is 
precisely  the  seaquiplicate  of  the  proportion  of  their  mean  distances  ; 
that  is,  of  the  radii  of  the  orbits.  Thus,  the  period  of  the  earth  is  one 
year,  that  of  Saturn  thirty  years ;  if  any  one  trisect  the  proportion,  that 
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is,  take  the  cube  root  of  it,  and  double  the  proportion  so  found,  that 
is,  square  it,  he  will  iind  the  exact  proportion  of  the  distances  of  the 
Earth  and  of  Saturn  from  the  sun.  For  the  cube  root  of  1  is  1,  and 
the  sqnare  of  this  is  1 ;  and  the  cube  root  of  30  is  greater  than  3,  and 
therefore  the  square  of  it  is  greater  ttan  9.  And  Saturn  at  his  mean 
distance  fiom  the  sun  is  at  a  little  more  than  9  times  the  mean  dis- 
tance of  the  Earth." 

When  we  now  look  back  at  the  time  and  exertions  which  the  estab- 
lishment of  this  law  cost  Kepler,  we  are  tempted  to  imagine  that  he 
was  strangely  blind  in  not  seeing  it  sooner.  His  object,  we  might 
reason,  was  to  discoTor  a  law  connecting  the  distances  and  the  periodic 
times.  "What  law  of  connection  could  bo  more  simple  and  obvious, 
we  might  say,  than  that  one  of  theso  quantities  should  vary  as  some 
power  of  the  other,  or  as  some  root ;  or  as  some  combination  of  the 
two,  which  in  a  more  general  view,  may  still  be  called  a  power  ?  And 
if  the  problem  had  been  viewed  in  this  way,  the  qnestion  must  have 
occurred,  to  what  power  of  the  periodic  times  are  the  distances  pro- 
portional f  And  the  answer  must  have  been,  the  trial  being  made, 
that  they  are  proportional  to  the  square  of  the  cube  root.  This  ex- 
post-faclo  obviousness  of  discoveries  is  a  delusion  to  which  we  are 
liable  with  regard  to  many  of  the  most  important  principl  In  th 
case  of  Kepler,  we  may  observe,  that  the  process  of  conn  t  n  to 
classes  of  quantities  by  comparing  their  powers,  is  obv  nly  t 

those  who  are  familiar  with  general  algebraical  views ;  nd  tl  t  n 
Kepler's  time,  algebra  had  not  taken  tJie  place  of  geom  try  as  th 
most  usual  vehicle  of  mathematical  reasoning.  It  may  be  ad  1  d  also 
that  Kepier  always  sought  }nfi  formal  laws  by  means  of  pky  I  ea 
sonings;  and  these,  though  vague  or  erroneous,  determinei  th  n  t  e 
of  the  mathematical  connectioa  which  he  assumed.  Thu  n  th 
Mysterium  he  had  been  led  by  his  notions  of  moving  virtue  of  the 
sun  to  this  conjecture,  among  others— that,  in  the  planets,  the  increase 
of  the  periods  will  be  double  of  the  difference  of  the  distances  :  which 
supposition  he  found  to  give  him  an  approach  to  the  actual  proportion 
of  the  distances,  but  one  not  sufBciently  close  to  satisfy  him. 

The  greater  part  of  the  fifth  Book  of  the  Harmonics  of  the  Universe 
consists  in  attempts  to  explain  various  relations  among  the  distances, 
times,  and  eccentricities  of  the  planets,  by  means  of  the  ratios  which 
belong  to  certain  concords  and  discords.  This  portion  of  the  work  is 
so  complex  and  laborious,  that  probably  few  modern  readere  have  had 
courage  to  go  through  it.     Delambre  acknowledged  that  his  patience 
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often  foiled  him  during  the  task  ■*  and  subscribes  to  the  judgment  of 
Bailly ;  "  After  this  sublime  effort,  Kopler  replunges  himself  in  the 
relations  of  music  fo  the  motions,  the  distance,  and  the  eccentricities 
of  the  planets.  In  all  these  harmonic  ratios  there  is  not  one  true  rela- 
tion ;  in  a  crowd  of  ideas  there  is  not  one  truth  :  he  becomes  a  man 
after  being  a  spirit  of  light."  Certainly  these  speculations  are  of  no 
value,  but  we  may  look  on  them  with  toleration,  when  we  recollect 
that  Newton  has  sought  for  analogies  between  the  spaces  occupied  Ijy 
the  prismatic  colors  and  the  notes  of  the  gamut'  The  numerical  rela- 
tiona  of  Concords  are  so  peculiar  that  we  can  easily  suppose  them  to 
have  other  bearings  than  those  which  first  offer  themselves. 

It  does  not  belong  to  my  present  purpose  to  speak  at  length  of  the 
speculations  concerning  the  forces  producing  the  celestial  motions  by 
which  Eeplcr  was  led  to  this  celebrated  law,  or  of  those  which  he  de- 
duced from  it,  and  which  are  found  in  the  Epitome  Aiirommim  Goper- 
nieanw,  published  in  1622.  In  that  work  also  (p.  654),  he  extended 
this  law,  though  in  a  loose  manner,  to  the  satellites  of  Jupiter.  These 
physical  speculations  wore  only  a  vague  and  distant  prelude  to  Newton's 
discoveries;  and  the  law,  as  a  formal  rule,  was  complete  in  itself. 
We  must  now  attend  to  the  history  of  the  other  two  laws  with  which 
Kepler's  name  is  associated. 

Sects. — Kepler's  Discovery  of  his  First  and  Second  Laws, — Elliptical 
Theory  of  Ike  Planets. 

The  propositions  designated  as  Kepler's  First  and  Second  Laws  are 
these :  That  the  orbits  of  the  planets  are  elliptical ;  and,  That  the 
areas  described,  or  sieept,  by  lines  drawn  from  the  sun  to  the  planet, 
are  proportional  to  the  times  employed  in  the  motion. 

The  occasion  of  the  discovery  of  these  laws  was  the  attempt  to 
reconcile  the  theory  of  Mars  to  the  theory  of  eccentrics  and  epicycles ; 
the  event  of  it  was  the  complete  overthrow  of  that  theory,  and  the 
establishment,  in  its  stead,  of  the  Elliptical  Theory  of  the  planets. 
Astronomy  was  now  ripe  for  such  a  change.  As  soon  ss  Copernicus 
had  taught  men  that  the  orbits  of  the  planets  were  to  be  referred  to 
the  sun,  it  obviously  became  a  question,  what  was  the  true  form  of 
these  orbits,  and  the  rule  of  motion  of  each  planet  in  its  own  orbit. 
Copernicus  represented  the  motions  in  longitude  by  means  of  eccen- 
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tries  and  epicycles,  as  we  have  already  said ;  and  the  motions  in  lati- 
tude by  certain  Ubrations,  or  alternate  elevations  and  depressions  of 
epicycles.  If  a  mathematician  had  obtained  a  collection  of  true  posi- 
tions of  a  planet,  the  form  of  the  orbit  and  the  motion  of  tho  star 
would  have  been  determined  with  reference  to  the  sun  as  well  as  to 
the  earth;  but  this  was  not  possible,  for  though  the  geocmtrie  posi- 
tion, or  the  direction  ia  which  the  planet  was  seen,  couid  be  observed, 
its  distance  from  the  earth  was  not  known.  Hence,  when  Kepler 
attempted  to  determine  the  orbit  of  a  planet,  he  combined  the  ob- 
served geocentric  places  with  successive  modifications  of  the  theory  of 
epicycles,  till  at  last  he  was  led,  by  one  step  after  another,  to  change 
the  epicyclical  into  the  elliptical  theory.  We  may  observe,  moreover, 
that  at  every  step  he  endeavored  to  support  his  new  suppositions  by 
what  he  called,  in  his  fanciful  phraseology,  "  sending  into  the  field  a 
reserve  of  new  physical  reasonings  on  the  rout  and  dispersion  of  the 
veterans  ;"^  that  is,  by  connecting  his  astronomical  hypotheses  with 
new  imaginations,  when  the  old  ones  became  untenable.  We  find, 
indeed,  that  this  is  the  spirit  in  which  the  pursuit  of  knowledge  is 
generally  carried  on  with  success ;  those  men  arrive  at  truth  who 
eagerly  endeavor  to  connect  remote  points  of  their  knowledge,  not 
those  who  stop  cautiously  at  each  point  till  something  compels  them 
to  go  beyond  it. 

Eepler  joined  Tycho  Brahe  at  Prague  in  1600,  and  found  him  and 
Longomontanus  busily  employed  in  correcting  the  theory  of  Mars ; 
and  he  also  then  entered  upon  that  train  of  researches  which  he  pub- 
lished in  1609  in  his  extraordinary  work  On  the  Motions  of  Mara. 
In  this  work,  as  ia  others,  he  gives  an  account,  not  only  of  his  success, 
but  of  his  fmlures,  explaining,  at  length,  the  various  suppositions 
which  he  had  made,  the  notions  by  which  he  had  been  led  to  invent 
or  to  entertain  them,  the  processes  by  which  he  had  proved  their 


"  1  will  insert  this  paeaBge,  as  a  speolmea  of  Kepler's  Ibnolfiil  mode  of  narratang 
the  defeats  which  he  received  in  the  war  which  he  carried  on  with  Mats.  "Dnm 
in  hnno  modura  de  Martis  motibna  triumpho,  eiijue  ut  ptanfi  devieto  tabularum 
oarceres  eC  equatianum  compedes  necto,  diversis  nuuUatur  locis,  futilem  vietoriam 
ut  helium  toti  mole  locrudeBoece.  Nam  domiqnidem  hostis  nt  capOvuB  eontemptus, 
rupiC  omnia  equationum  vincula,  carceresque  tabularum  effregit.  Poris  speou- 
latores  profligerunt  ineas  causitrum  phjuicanim  areessitas  coplas  earumque  jugnm 
oxQuasetunt  resumlA  libertate.  Jamque  paruoL  abfuit  q_uui  hoatis  fiigitiTua  seae 
Onm  rehellihus  suis  oonjungeret  meque  in  desperationem  adigaret:  nisi  raptim, 
nova  rationum  physloarum  eubsidia,  fnsls  et  palantihus  veteribus,  submisiseem,  et 
qua  B9  oBptlvns  proripuisaet,  omui  dlligentia,  edootua  vealiglis  ipsiua  null&  mors 
intorposlt^  iaheeeiBserem." 
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falseliood,  and  tlie  alternations  of  hope  and  sorrow,  of  vexation  and 
triumph,  tlirough  which  he  had  gone.  It  will  not  be  necessary  for  us 
to  cite  majpisg      fth       hd        n  la  e      thy 

One  of  tl  t       p    t    1 1    th       nt     ed      th    m  t  f  M  rs 

is  the  disc       j  that  th     pi  f  th        b  t    f  tl     pi      t  h     Id  I 

considered      thf  tth        ntlf       teilfrrgtt 

any  of  th     th  t        f       t       wl    1  th  fn    1  yj  tl 

troducod :      1  th  t  wl  n  n   J      1    1 1  ad  n  n     f  th   1  h  at 

which  Ptol      )       d   O  I    n  1    1     ttnh  t  J   i      t      Tl      f 

teenth  ch  pt       f  th  d  p    t  as     ts,    PI  t  co 

draXavra      th  t  th    pltn  ilb    t    g        t        gtyth 

same  inch  at  n  t    th       1  pt        d  th       ra    I  ne  f   od        W  fh 
this  step  K  pi       pp    rs  t    I        b    n  ju,  tly  d  1  ght  d       O  j 
he  says,  "      t  t     w    g  th        !        f  nh  t  h    i  Me     d  (h  ten  ) 

undertook  t        i       nt  Pt  1     y    ath      th  tui     t     wh   h  h 

ever,  he  h   I    ij        h  d  m  1>  th  y    t!       p  T 

being  rejo      1  th  t  th     q      t  ty    f  th     1  1 1  d       t        1    pi      t     as 
increased  hy  th      pj.       h    t  th        rth  t     th     pi      t,  a       di  g 
to  his  the    y  1      11      t       t        t       j    t  tt         t    f  Ptol 
crease  ofIttl,bt  d     t       pKt,d     seilbt  fth 

planes  of  the  eccentric,  depending  not  upon  ila  own  eccentric,  but  (most 
improbably)  npon  the  orbit  of  the  earth,  which  has  nothing  to  do 
with  it,  I  always  fought  against  this  impertinent  tying  together  of 
two  orbits,  even  before  I  saw  the  observations  of  Tycho ;  and  I  thei-e- 
fore  rejoice  much  that  in  this,  as  in  others  of  my  preconceived  opin- 
ions, the  observations  were  found  to  be  on  my  side."  Kepler  estab- 
blished  his  point  by  a  fair  and  laborious  calculation  of  the  results  of 
observations  of  Mars  made  by  himself  and  Tycho  Brahe  ;  and  had  a 
right  to  exult  when  the  result  of  these  calculations  confirmed  his  views 
of  the  symmetry  and  simplicity  of  nature. 

We  may  judge  of  the  difficulty  of  casting  off  the  theory  of  eccen- 
trics and  epicycles,  by  recollecting  that  Copernicus  did  not  do  it  at 
all,  and  that  Kepler  only  did  it  after  repeated  struggles;  the  history 
of  which  occupies  thirty-nine  Chapters  of  his  boot.  At  the  end  of 
them  he  says,  "This  prolix  disputation  was  necessary,  in  order  to  pre- 
pare the  way  to  the  natural  form  of  the  equations,  of  which  I  am  now 
to  treat.'  My  first  error  was,  that  the  path  of  a  planet  is  a  perfect 
circle; — an  opinion  which  was  a  more  mischievous  thief  of  my  time, 

'  Se  SieUd  Marti),  iii.  40. 
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ja  proportion  as  it  was  supported  bj  tbe  authority  of  all  pkilosophors, 
and  apparently  agreeable  to  metaphysics."  But  before  he  attempta  to 
■correct  this  erroneous  part  of  his  hypothesis,  he  sets  about  discovering 
the  law  according  to  which  the  different  parts  of  the  orbit  are  described 
in  the  case  of  the  earth,  in  which  case  the  eccentricity  is  so  small  that 
the  effect  of  the  oval  form  is  insensible.  The  result  of  this  inquiry  was* 
the  Eule,  that  the  time  of  describing  any  arc  of  the  orbit  is  proportional 
to  the  area  intercepted  between  the  curve  and  two  lines  drawn  from 
the  sun  to  the  extremities  of  the  arc.  It  ia  to  be  observed  that  this 
nile,  at  first,  though  it  had  the  recommendation  of  being  selected  after 
the  unavoidable  abandonment  of  many,  which  were  suggested  by  the 
notions  of  those  times,  was  far  from  being  adopted  upon  any  very 
rigid  or  cautious  grounds.  A  rule  had  been  proved  at  the  apsides  of 
the  orbit,  by  calculation  from  observations,  and  had  then  been  extended 
by  conjecture  to  other  parte  of  the  orbit;  aad  the  rule  of  the  areas 
was  only  an  approximate  and  inaccurate  mode  of  representing  this 
mie,  employed  for  the  purpose  of  brevity  and  convenience,  in  conse- 
quence of  the  difficulty  of  applying,  georaotrically,  that  which  Kepler 
now  conceived  to  be  the  true  rule,  and  which  required  him  to  find  the 
snm  of  the  lines  drawn  from  the  san  to  every  point  of  the  orbit.  "When 
he  proceeded  to  apply  this  rule  to  Mars,  in  whose  orbit  the  oval  form 
is  much  more  marked,  additional  difEculties  came  in  his  way ;  and 
here  again  the  true  supposition,  that  the  oval  is  of  that  special  kind 
called  ellipse,  was  adopted  at  first  only  in  order  to  simplily  calculation,' 
and  the  deviation  from  exactness  in  the  result  was  attributed  to  the 
inaccuracy  of  those  approximate  processes.  The  supposition  of  the 
oval  had  already  been  forced  upon  Purbach  in  the  case  of  Mercury, 
and  upon  Eeinhold  in  the  case  of  the  Moon.  The  centre  of  the 
epicycle  was  made  to  describe  an  eg^-shaped  figure  in  the  former  case, 
and  a  lenticular  figure  in  the  latter.'" 

It  may  serve  to  show  the  kind  of  labor  by  which  Kepler  was  led  to 
his  result,  if  we  here  enumerate,  as  he  does  in  his  forty-seventh  Chap- 
ter," six  hypotheses,  on  which  he  calculated  the  longitude  of  Mars,  in 
order  to  see  which  best  agi-eed  with  observation. 

1.  The  simple  eccentricity. 

2.  The  bisection  of  the  eccentricity,  and  the  duplication  of  the 
superior  part  of  the  equation. 
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3.  The  bisection  of  the  eccentricity,  and  a  stationary  point  of  equa- 
tions, after  the  manner  of  Ptolemy, 

4.  The  vicarious  hypothesis  by  a  free  section  of  the  eccentricity 
made  to  agree  as  nearly  as  possible  with  the  truth. 

6.  The  physical  hypothesis  on  the  supposition  of  a  perfect  circle. 

6.  The  physical  hypothesis  on  the  supposition  of  a  perfect  ellipse. 

By  the  physical  hypothesis,  he  meant  the  doctrine  that  the  time  of 
a  planet's  describing  any  part  of  its  orbit  is  proportional  to  the  distance 
of  the  planet  from  the  sun,  for  which  supposition,  aa  we  have  said,  he 
conceived  that  he  had  assigned  physical  reasons. 

The  two  last  hypotheses  came  the  nearest  to  the  truth,  and  differed 
from  it  only  by  about  eight  minutes,  the  one  in  excess  and  the  other 
in  defect.  And,  after  being  much  perplexed  by  this  remaining  error,  it 
at  last  occnrred  to  him'^  that  he  might  tate  another  ellipsis,  exacUy  in- 
termediate between  the  former  one  and  the  circle,  and  that  this  must 
give  the  path  and  the  motion  of  the  planet.  Making  this  assumption, 
and  taking  the  ai'eas  to  represent  the  times,  ho  now  saw'^  that  both 
the  longitude  and  the  distances  of  Mars  would  ^ree  with  observation 
to  the  reijuisite  degree  of  accuracy.  The  rectification  of  the  former 
hypothesis,  when  thus  stated,  may,  perhaps,  appear  obvious.  And 
Kepler  informs  ns  that  he  had  nearly  been  anticipated  in  this  step 
(e.  55).  "David  Fabricius,  to  whom  I  had  communicated  my  hypoth- 
ecs of  cap.  45,  was  able,  by  his  observations,  to  show  that  it  erred  in 
making  the  distances  too  short  at  mean  longitudes;  of  which  he 
informed  me  by  letter  while  I  was  laboring,  by  repeated  efforts,  to 
discover  the  true  hypothesis.  So  nearly  did  he  get  the  start  of  me  in 
detecting  the  truth,"  But  this  was  less  easy  than  it  might  seem. 
When  Kepler's  first  hypothesis  was  enveloped  in  the  complex  con- 
struction requisite  in  order  to  apply  it  to  each  point  of  the  orbit,  it 
was  far  more  difficult  to  see  where  the  error  lay,  and  Kepler  hit  upon 
it  only  by  noticing  the  coincidences  of  certain  numbers,  which,  as  he 
says,  raised  him  as  if  from  sleep,  and  gave  him  a  new  light.  We  may 
observe,  also,  that  he  was  perplexed  to  reconcile  this  new  view,  accord- 
ing to  which  the  planet  described  an  exact  ellipse,  with  his  former 
opinion,  which  represented  the  motion  by  means  of  libration  in  an 
epicycle.  "This,"  he  says,  "was  my  greatest  trouble,  that,  though  I 
considered  and  reflected  till  I  was  almost  mad,  I  could  not  find  why 
the  planet  to  which,  with  so  much  probability,  and  with  such  an  exact 

"  De  Sldli  Marlii,  c.  58.  "  Ibid.  p.  285. 
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accordance  of  the  distances,  libratioa  in  the  diameter  of  the  epicycle  was 
attributed,  should,  according  to  the  indication  of  the  equations,  go  in 
an  elliptical  path.  "What  an  absurdity  on  my  parti  as  if  libration  in 
the  diameter  might  not  bo  a  way  to  the  ellipse !" 

Another  scruple  respecting  tliis  theory  arose  from  the  impossibility 
of  solving,  by  any  geometrical  construction,  the  problem  to  which 
Kepler  was  thus  led,  namely,  "To  divide  the  area  of  a  semicircle  in  a 
^ven  ratio,  by  a  line  drawn  from  any  point  of  the  diameter."  This  is 
still  termed  "Kepler's  Problem,"  and  is,  in  fact,  incapable  of  exact 
geometrical  solution.  As,  however,  the  calculation  can  be  performed, 
and,  indeed,  was  performed  by  Kepler  himself,  with  a  sufficient  degree 
of  accuracy  to  show  that  the  elliptical  hypothesis  is  true,  tlie  insolu- 
bility of  this  problem  is  a  mere  mathematical  difficulty  in  the  deduc- 
tive process,  to  which  Kepler's  induction  gave  rise. 

,  Of  Kepler's  physical  reasonings  we  shall  speak  more  at  length  on 
another  occasion.  His  numerous  and  fanciful  hypotheses  had  dis- 
charged their  office,  when  they  had  suggested  to  him  his  many  lines 
of  laborious  calculation,  and  encouraged  him  under  the  exertions  and 
disappointments  to  which  these  led.  The  result  of  this  work  was  the 
formal  laws  of  the  motion  of  Mars,  established  by  a  clear  induction, 
since  they  represented,  with  sufficient  accuracy,  the  best  observations. 
And  we  may  allow  that  Kepler  was  entitled  to  the  praise  which  he 
claims  in  the  motto  on  his  first  leaf.  Eamus  had  said  that  if  any  one 
wouU  con  truct  an  astronomy  without  hypothesis,  he  would  be  ready 
t  es  gn  t  him  his  professorship  in  the  University  of  Paris.  Kepler 
qu  t  s  tJj  passage,  and  adds,  "  it  is  well,  Kamus,  that  you  have  run 
f  om  th  s  pledge,  by  quitting  life  and  your  professorship;"  if  you  held 

t  t  li  I  honld,  with  justice,  claim  it."  This  was  not  saying  boo 
mu  h  nee  he  had  entirely  overturned  the  hypothesis  of  occenlrics 
and  ej  cycl  s,  and  had  obtained  a  theory  which  was  a  mere  represen- 
t  t   n    f  the  motions  and  distances  as  they  were  observed. 

"  Ramus  perlslied  in  the  Masaaere  of  St.  Bartholomew. 
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Sequel  to  the  epoch  op  Kepler,    Reception,  Verification,  and 
Extension  or  the  Elliptical  Thbort. 

Seel.  1. — AjypHcatim  of  the  MHpliml  Theory  to  the  Planets. 

rpHE  extension  of  Kepler's  discoveries  concerning  the  orbit  of  Mars  to 
-I-  the  other  planets,  obviously  offered  itself  as  a  strong  probability, 
and  was  confii-med  by  trial.  This  was  made  in  the  first  place  upon 
the  orbit  of  Mercury ;  which  planet,  in  consequence  of  tie  lai^eness 
of  its  eccentricity,  exhibits  more  clearly  than  the  others  the  circum- 
stances of  the  elliptical  motion.  These  and  various  other  supplemen- 
tary portions  of  the  views  to  which  Kepler's  discoveries  had  led,  ap- 
peared in  the  latter  part  of  his  Spitome  Astronomies  Copemicatue, 
published  in  1622. 

The  real  verification  of  the  new  doctrine  concerning  the  orbits  and 
motions  of  the  heavenly  bodies  was,  of  course,  to  be  found  in  the  con- 
struction of  tables  of  those  motions,  and  in  the  continued  comparison 
of  such  tables  with  observation,  Kepler's  discoveries  had  been  founded, 
as  we  have  seen,  principally  on  Tycho's  observations.  Longomontanns 
(so  called  as  being  a  native  of  Langberg  in  Denmart),  published  in 
1621,  iu  his  Astronomia  Danica,  tables  founded  upon  the  theories  as 
well  as  the  observations  of  his  countiyman.  Kepler'  in  1627  pub- 
lished his  tables  of  the  planets,  which  he  called  Budolpkine  Tables, 
the  result  and  application  of  his  own  theory.  In  1633,  Lansberg,  a 
Belgian,  published  also  Tabulce  Perpetuee,  a  work  which  was  nshered 
into  the  world  with  considerable  pomp  and  pretension,  and  in  which 
the  author  cavils  very  keenly  at  Kepler  and  Brahe.  We  may  judge  of 
the  impression  made  npon  the  astronomical  world  in  general  by  these 
rival  works,  from  the  account  which  our  countryman  Jeremy  Hoitox 
has  given  of  their  effect  on  him.  He  had  been  seduced  by  the  mag- 
nificent promises  of  Lansberg,  and  the  praises  of  his  admirers,  which 
are  prefixed  to  the  work,  and  was  persuaded  that  the  common  opinion 
which  preferred  Tycho  and  Kepler  to  him  was  a  prejudice.  In  1636, 
however,  be  became  acquainted  with  Crabtree,  another  young  astrono- 

'  Ehetjeus,  Sarraiio,  p,  98. 


Ho.i.d  b,  Google 


SEQUEL  TO  THE  EPOCH  OF  KEPLER,         303 

mer,  who  lived  in  the  same  part  of  Lancashire.  By  liim  Horiox  was 
warned  that  Lansberg  was  not  to  be  depended  on ;  that  hia  hypotheses 
were  vicious,  and  hia  observations  falsified  or  forced  into  agreement 
with  his  theories.  He  then  read  the  worTis  and  adopted  the  opinions 
of  Kepler;  and  after  some  hesitation  which  he  felt  at  the  thought  of 
attacking  the  object  of  his  former  idolatry,  he  wrote  a  dissertation  on 
tie  points  of  difference  between  them.  It  appears  that,  at  one  time, 
lie  intended  to  offer  himself  as  the  umpire  who  was  to  adjudge  the 
prize  of  excellence  among  the  three  rival  theories  of  Longornontanua, 
Kepler,  and  Lansberg ;  and,  in  allusion  to  the  story  of  ancient  mythol- 
ogy, his  work  was  to  have  been  called  Paris  Astronomtcus  ;  we  easily 
Bee  that  he  would  have  given  the  golden  apple  to  the  KeplerJan  god- 
dess. Succeeding  observations  confirmed  his  judgment :  and  the  Ru- 
dolphin£  Tables,  thus  published  seventy-six  years  after  the  Prutenic, 
which  were  founded  on  the  doctrines  of  Copernicus,  ivei'e  for  a  long 
time  those  universally  used. 

Sect.  2. — Application  of  the  Mliptical  Theory  to  the  Moon. 

The  reduction  of  the  Moon's  motions  to  mle  was  a  harder  task  thau 
the  formation  of  planetary  tables,  if  accuracy  was  required;  for  the 
Moon's  motion  is  affected  by  an  incredible  number  of  different  and 
complex  inequalities,  which,  till  their  law  is  detected,  appear  to  defy 
all  theory.  Still,  however,  progress  was  made  in  this  work.  The  most 
important  advances  were  due  to  Tycho  Brahe.  In  addition  to  the  first 
and  second  inequalities  of  the  moon  (the  Equation  of  the  Centre, 
known  very  early,  and  the  Evection,  which  Ptolemy  had  discovered), 
Tycho  proved  that  there  was  another  ineqitality,  which  lie  termed  the 
Variation^  which  depended  on  the  moon's  position  with  respect  to  the 
sun,  and  which  at  its  maximum  was  forty  minutes  and  a  half,  about  a 
quarter  of  the  evection.  He  also  perceived,  though  not  very  distinctly, 
the  necessity  of  another  correction  of  the  moon's  place  depending 
on  the  sun's  longitude,  which  has  since  been  termed  the  Annual 
Equation. 

These  steps  concerned  the  Longitude  of  the  Moon ;  Tycho  also  made 
important  advances  in  the  knowledge  of  the  Latitude.  The  Inclina- 
tion of  the  Orbit  had  hitherto  been  assumed  to  be  the  same  at  all 

'  We  Imvo  seen  (otop.  iii.),  that  AboHl-Wefa,  iu  tho  tenth  centuty,  had  already 
noticed  this  inequality ;  bnt  his  dianovery  bad  bean  entirely  foi^ottea  long  before 
the  time  of  Tycho,  and  has  only  raeeotly  been  brought  agwn  into  notiee. 
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times ;  and  the  motion  of  the  Node  had  been  supposed  uniforro.  He 
found  that  the  inclination  increased  and  diminished  by  twenty  minutes, 
according  to  the  position  of  the  line  of  nodes ;  and  that  the  nodes, 
though  they  regress  upon  the  whole,  sometimes  go  forwards  and  some- 
times go  backwards. 

Tycho's  discoveries  concerning  the  moon  are  given  in  his  Progym- 
nasmata,  which  was  published  in  1603,  two  years  after  the  author's 
death.  He  represents  the  Moon's  motion  in  longitude  by  means  of 
certain  combinations  of  epicycles  and  eccentrics.  But  after  Kepler 
had  shown  that  such  devices  are  to  be  banished  from  the  planetary 
system,  it  was  impossible  not  to  tbink  of  extending  the  elliptical  theory 
to  the  moon.  Horrox  succeeded  in  doing  this  ;  and  in  1638  sent  this 
essay  to  his  friend  Crabtree,  It  was  published  ia  1673,  with  the  nu- 
merical elements  requisite  for  its  application  added  by  Flamsteed. 
Flamsteed  had  also  (in  1671-2)  compared  this  theory  with  observa- 
tion, and  found  that  it  agreed  far  more  nearly  than  the  Pldlolaic  Ta- 
bles of  Bullialdus,  or  tie  Carolinian  Tables  of  Street  (^Epilogus  ad 
Tabulas).  Moreover  Horros,  by  making  the  centre  of  tlio  ellipse  re- 
volve in  an  epicycle,  gave  an  explanaiion  of  the  eveotion,  as  well  as  of 
the  equation  of  the  centre.' 

Modern  astronomers,  by  calculating  the  effects  of  the  perturbing 
forces  of  the  solar  system,  and  comparing  their  calculations  with  ob- 
servation, have  added  many  new  corrections  or  equations  to  those 
known  at  the  time  of  Horrox ;  and  since  the  Motions  of  the  heavenly 
bodies  were  even  then  affected  by  these  variations  as  yet  undetected, 
it  is  clear  that  the  Tables  of  that  time  must  have  shown  some  errors 
when  compared  with  observation.  These  errors  much  perplexed  astron- 
omers, and  naturally  gave  rise  to  the  question  whether  the  motions  of 
the  heavenly  bodies  really  were  exactly  regular,  or  whether  they  were 
not  affected  by  accidents  as  little  reducible  to  rule  as  wind  and  weather. 
Kepler  had  held  the  opinion  of  the  casualty  of  such  errors ;  but  Hor- 
rox, for  more  philosophically,  argues  against  this  opinion,  though  he 

'  Horrox  (ffiiiTiJcies  as  he  himself  spelt  hUnume)  gave  a  first  ebetoh  of  his  theory 
in  letters  t»  hia  ftieod  Crabtree  in  1DS3 :  in  wliioh  the  variation  of  the  ecoentridty 
is  not  aUuded  to.  But  in  Crabtree'a  letter  Xo  Gascoigne  in  1642,  be  gives  Horrox's 
riile  concerning  it ;  and  Flamsteed  in  his  ^Uogus  to  the  Tables,  published  by  Wallia 
along  with  Horrox's  works  in  1673,  gave  an  esplanation  of  the  theory  which  made 
it  amount  very  nearly  to  a  revolution  of  the  centre  of  tlie  ellipse  in  an  epicycle. 
Halley  afterwards  made  a  alight  alteration;  but  hardly,  I  think,  enough  to  justify 
Newton's  Msertion  (PHnisp.  lib.  iii.  Prop.  35,  Sohol.),  "Ilalleius  oentrtim  el- 
lipseoa  in  opioyelo  locavit."    See  Baily's  FlamsUed,  p.  683. 
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allows  that  tie  is  much  embarrassed  by  the  deviations.  His  arguments, 
show  a  Bingularly  clear  and  strong  apprehension  of  the  features  of  the 
case,  and  their  real  import.  He  says,*  "  these  errors  of  the  tables  are 
alternately  in  excess  and  defect ;  how  could  this  consfant  compensa- 
tion happen  if  they  wore  casual  f  Moreover,  the  alternation  from  ex- 
cess to  defect  is  most  rapid  in  the  Moon,  most  slow  in  Jupiter  and 
Saturn,  in  which  planets  tlie  error  continues  sometimes  for  years.  If 
the  errors  were  casual,  wliy  should  they  not  last  as  long  in  the  Moon 
as  in  Saturn!  But  if  we  suppose  the  tables  to  be  riglit  in  the  mean 
motions,  but  wrong  in  the  eijuations,  these  facts  are  just  what  must 
happen ;  since  Saturn's  inequalities  are  of  long  period,  while  th<«e  of 
the  Moon  are  numerous,  and  rapidly  changing."  It  would  be  impos- 
sible, at  the  present  moment,  to  reason  better  on  this  subject ;  and 
the  doctrine,  that  all  the  apparent  irregubiritiea  of  the  celestial  motions 
.are  really  regular,  was  one  of  great  consequence  to  establish  at  this 
period  of  the  science. 

Sect.  8. — Causes  of  the  further  Progress  <f  Astronomy. 

We  are  now  arnved  at  the  time  when  theory  and  observation  sprang 
forwards  with  emulous  eneigv  The  phyaitil  theoiii.s  of  KL.pli,r  and 
the  leasomngs  of  other  defenders  of  the  Copermcan  theorj,  led  inev- 
itably, attJr  some  vagueness  and  perplexitj,  to  a  sound  soicn  e  of 
Meohamts,  anj  this  science  in  time  gave  a  now  iace  to  Astronomy. 
But  lu  the  my  in  lime,  w  hile  !nethiaii,al  mathematicians  wufl  general- 
izing tiom  the  astrouomy  alieadj  established,  astionomers  weie  ac- 
cumulating new  ficts,  whii'h  pointpd  the  w-iy  to  new  theories  ind  new 
generalizations  Copeinicu'!,  whiL  he  hid  established  the  permanent 
length  of  the  year,  hai  confirmed  the  mction  of  the  =nn's  apogee,  and 
had  shown  that  the  eccentricity  of  the  earth's  orbit,  and  the  obliquity 
of  the  ecliptic,  were  gradually,  though  slowly,  diminishing.  Tyeho 
had  accumulated  a  store  of  excellent  observations.  These,  as  well  as 
the  laws  of  the  motions  of  the  moon  and  planets  aheady  explained, 
were  materials  on  which  the  Mechanics  of  the  Univeree  was  afterwards 
to  employ  its  mc«t  matured  powers.  In  the  mean  time,  the  telescope 
had  opened  other  new  subjects  of  notice  and  speculation ;  not  only 
contirming  the  Copernican  doctrine  by  the  phases  of  Venus,  and  the 
analogical  examples  of  Jupiter  and  Saturn,  which  with  their  Satellites 

■>  Aalroa.  .Kipfer.    Proleg.  p.  17. 
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appeared  like  models  of  the  Solar  System;  but  disclosing  unexpected 
objects,  as  the  Ring  of  Saturn,  and  the  Spots  of  the  Sun.  The  art  of 
observiDg  made  rapid  advances,  both  by  the  use  of  the  telescope,  and 
by  the  Boimder  notions  of  the  construction  of  instruments  which  Tycho 
introduced.  Copernicus  had  laughed  at  Rheticus,  whan  he  was  dis- 
turbed about  single  minutes ;  and  declared  that  if  he  could  be  sure  to 
ten  minutes  of  space,  he  should  be  as  much  delighted  as  Pythagoras 
was  when  he  discovered  the  property  of  the  right-angled  triangle. 
But  Kepler  founded  the  revolution  which  he  introduced  on  a  quantity 
le^  than  this.  "  Since,"  he  says,"  "  the  Divine  Goodness  has  given  lis 
in  Tyoho  an  observer  so  exact  that  this  eri'or  of  eight  minutes  is  im- 
possible, we  must  be  thankful  to  God  for  this,  and  turn  it  to  account. 
And  these  eight  minutes,  which  we  must  not  neglect,  will,  of  them- 
selves, enable  us  to  reconstruct  the  whole  of  astronomy,"  In  addition 
to  otter  improvements,  the  art  of  numerical  calculation  made  an  in- 
estimable advance  by  means  of  Napier's  invention  of  Logarithms  ;  and 
the  progress  of  other  parts  of  pure  mathematics  was  proportional  to 
the  calls  which  astronomy  and  jhysics  made  upon  tbe 

The  exactness  whicb  observation  hid  attained  enable!  istion  meit, 
both  to  verify  and  improve  the  o'^istin^  th  or  es  and  to  sti  dy  the  i  et 
unsystematized  facts.  The  se  ence  wis  therefoie  forced  ilong  ty  a 
strong  impulse  on  all  sides,  ani  its  caieer  assume!  a  new  character 
Up  to  this  point,  the  histoiy  ot  Furo]  can  Astronomy  was  only  the 
sequel  of  the  history  of  Greek  Astioi  my  toi  the  liehoountne  system 
as  we  have  seen,  had  had  a  plice  amunjf  the  e^uessea  at  least  ot  the 
inventive  and  acute  intellects  of  the  Greek  phil  sop!er&  Put  the  lis 
CO  e  y  of  Keple  s  Iaa  b  accompin  ed  as  from  tlie  fir  t  thev  we  e  with 
a  CO  V  ct  n  that  the  relat  on  thus  brought  to  1  gtt  n  e  e  the  effects 
anl  expone  ts  ot  phys  al  tuses,  led  rabidly  and  irresist  llv  to  the 
Me  han  cal  Sc  e  «  ot  tl  e  skies  a  d  collaterally,  to  the  Mechanical 
Sc  enca  ot  tl  o  other  parts  of  Niture :  Sound,  and  Light,  and  Heat ; 
and  Magne  sm  aniEIectrctj  in  1  Chemistry.  The  history  of  these 
Sciences,  thus  treated,  forms  the  sequel  of  the  present  work,  and  will 
be  the  subject  of  the  succeeding  volumes.  And  since,  as  I  have  smd, 
our  main  object  in  this  work  is  to  deduce,  from  the  history  of  science, 
the  philosophy  of  scientific  discovery,  it  may  be  regarded  as  fortunate 
for  our  purpose  that  the  history,  after  this  point,  so  far  changes  its 
aspect  as  to  offer  new  materials  for  such  speculations.     The  details  of 

'  i>e  Stella  Miu-tU,  n.  19. 
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a  history  of  astronomy,  such  as  the  history  of  astroDomy  since  Newton 
has  he«ii,  though  intereating  to  the  special  lovers  of  that  science,  would 
he  too  techuica],  and  the  features  of  the  narrative  too  monotonous  aiitl 
unimpressive,  to  interest  the  genoi'al  reader,  or  to  suggest  a  compre- 
hensive philosophy  of  science.  But  when  we  pass  from  the  Ideas  of 
Space  and  IHnie  to  tlie  Ideas  of  Force  and  Matter,  of  Mediums  by 
which  action  and  sensation  ai-e  produced,  and  of  the  Intimate  Consti- 
tution of  material  bodies,  we  have  new  fields  of  inquiry  opened  to  ns. 
And  when  we  find  that  in  these  fields,  as  well  as  in  astronomy,  there 
are  large  and  striking  trains  of  unquestioned  discovery  to  be  nar- 
rated, we  may  gird  ourselves  afresh  to  the  task  of  writing,  and  I  hope, 
of  reading,  the  remaining  part  of  the  History  of  the  Inductive  Sciences, 
in  the  trust  that  it  will  in  some  measure  help  lis  to  answer  the  impor- 
tant questions,  What  is  Ti'uth  ?  and,  How  is  it  to  be  discovered  ? 
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Tou,  FoKCB  and  Poweh,  liave  douc  jour  destined  task ; 
And  naught  impedes  the  work  of  other  liands. 
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INTKODTJCTION. 

VE  enter  now  upon  a  uew  region  of  tlie  human  miud.  la  pasaiag 
from  Astronomy  to  Mechanics  we  make  a  ti'anaition  from  the 
formal  to  the  jihysical  scienoes ; — from  time  and  space  to  force  aud 
matter ; — itom  pkencmena  to  cawes.  Hitherto  we  have  been  concerned 
only  with  the  paths  and  orhits,  the  periods  and  cycles,  the  angles  and 
distances,  of  the  ohjeots  to  which  out'  sciences  applied,  namely,  the 
heavenly  bodies.  How  these  motions  are  produced  ; — by  what  agen- 
,  ciea,  impulses,  powers,  they  are  detei-mined  to  be  what  they  are ; — of 
what  nature  are  the  objects  themselves; — are  speculations  which  we 
have  hitherto  not  dwelt  upon.  The  history  of  such  speculations  noiv 
comes  before  us  ;  but,  in  the  first  place,  we  must  consider  the  history 
of  speculations  concerning  motion  in  general,  teiTOstrial  as  well  as  ce- 
lestial. Wo  must  first  attend  to  Mechanics,  and  afterwards  return  to 
Physical  Astronomy. 

In  the  same  way  in  which  the  development  of  Pure  Mathematics, 
which  began  with  the  Greeks,  was  a  nocessaiy  condition  of  the  pro- 
gress of  Formal  Astronomy,  the  creation  of  the  science  of  Mechanics 
now  became  necessary  to  the  formation  and  progress  of  Physical  As- 
ti'onomy.  Geometry  and  Mechanics  were  studied  for  their  own  sakes ; 
but  they  also  supplied  ideas,  langu^e,  and  reasoning  to  other  sciences. 
If  the  Greeks  had  not  cultivated  Conic  Sectioi^  Kepler  could  not  have 
superseded  Ptolemy ;  if  the  Greeks  had  cultivated  Dynamics,' Kepler 
might  have  anticipated  lllewton. 
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CHAPTER  I. 
Prelude  lo  the  Epoch  of  Galileo. 

Sect.  1. — Prelude  to  the  Science  of  Statics. 

SOME  steps  in  tha  science  of  Motion,  or  rather  in  tho  science  of 
Equilibrium,  had  been  made  by  the  ancients,  as  we  have  seen. 
Archimedes  established  satisfactorily  the  doctrine  of  the  Lever,  some 
important  propeities  of  the  Centre  of  Gfravity,  and  the  fundamental 
proposition  of  Hydrostatics.  But  this  beginnmg  led  tr>  no  permanent 
progress.  Whether  the  distinction  between  the  principles  of  the  doc- 
trine of  Equilibrium  and  of  Motion  was  clearly  seen  by  Archimedes,  we 
do  not  know  ;  bnt  it  never  was  caught  hold  of  by  any  of  the  other 
writers  of  antiquity,  or  by  those  of  tie  Stationary  Period.  "What  was 
still  worse,  the  point  which  Archimedes  had  won  was  not  steadily 


We  have  given  some  examples  of  the  general  ignorance  of  the  Greek 
philosophers  on  such  subjects,  in  noticing  the  strange  manner  in  which 
Aristotle  refers  to  mathematical  properties,  in  order  to  account  for  the 
equilibrium  of  a  levor,  and  the  attitude  of  a  man  rising  from  a  chair. 
And  we  have  seen,  in  speaking  of  the  indistinct  ideas  of  the  Stationaiy 
Fcriod,  that  the  attempts  which  were  made  to  extend  the  statical  doc- 
trine of  Archimedes,  failed,  in  such  a  manner  as  to  show  that  his  fol- 
lowers had  not  clearly  apprehended  the  idea  on  which  his  reasoning 
altogether  depended.  The  clouds  which  he  had,  for  a  moment,  cloven 
in  his  advance,  closed  after  him,  and  the  former  dimness  and  confusion 
settled  again  on  the  land. 

This  dimness  and  confusion,  with  respect  to  ail  subjects  of  me- 
chanical reasoning,  prevailed  still,  at  the  period  we  now  have  to 
consider;  namely,  tho  period  of  the  fet  promulgation  of  the  Coper- 
uican  opinions.  This  is  so  important  a  point  that  I  must  illustrate  it 
further. 

Certain  general  notions  of  the  connection  of  cause  and  effect  in  mo- 
tion, exist  in  the  human  mind  at  all  periods  of  its  development,  and  are 
implied  ia  the  formation  of  language  and  in  the  most  familiar  employ- 
ments of  TOOn's  thoughts.     But  these  do  not  constitute  a  science  of  Me- 
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chanicf.,  auy  more  than  the  notions  of  square  and  round  make  a  Geom- 
etry, or  the  notions  of  monlks  and  years  make  an  Astronomy,  The 
unfolding  these  Notions  into  distinct  Ideas,  on  wliich  can  he  founded 
principles  and  reasonings,  is  further  requisite,  in  order  to  produce  a 
science;  and,  with  respect  to  the  doctrines  of  Motion,  this  was  long  iu 
coming  to  pass;  men's  thoughts  remained  Jong  entangled  in  their 
primitive  and  unscientific  confusion. 

We  may  mention  one  or  two  features  of  tJiia  confusion,  such  as  we 
find  in  authors  belonging  to  the  period  now  nnder  review. 

We  have  already,  in  speaking  of  the  Greek  School  Philosophy,  no- 
ticed the  attempt  to  explain  some  of  the  differences  among  Motions, 
by  classifying  them  into  Natural  Motions  and  Violent  Motions ;  and 
we  have  spoken  of  the  assertion  that  heavy  bodies  fall  quieter  in  pro- 
portion to  their  greater  weight.  These  doctrines  were  still  retained : 
yet  the  views  which  they  implied  were  essentially  erroneous  and  un- 
sound ;  for  they  did  not  refer  distinctly  to  a  measurable  Force  as  the 
cause  of  all  motion  or  change  of  motion ;  and  they  confounded  the 
causes  which  produce,  and  those  ivhich  p-^serve,  motion.  Hence  such 
principles  did  not  lead  immediately  to  any  advance  of  knowledge, 
though  efforts  were  made  to  apply  them,  in  the  cases  both  of  terrestrial 
Mechanics  and  of  the  motions  of  the  heavenly  bodies. 

The  effect  of  tho  Inclined  Plane  was  one  of  the  first,  as  it  was  one 
of  the  most  important,  propositions,  on  which  modern  writers  employed 
themselves.  It  was  found  that  a  body,  when  supported  on  a  sloping 
surface,  might  be  sustained  or  raised  by  a  force  or  exertion  which 
wonld  not  have  been  able  to  sustain  or  raise  it  witbont  snob  support. 
And  hence,  The  Inclined  Plane  was  placed  in  the  list  of  Mechanical 
Powers^  or  simple  machines  by  which  the  efficacy  of  forces  is  increased  : 
the  question  was,  in  what  proportion  this  increase  of  efficiency  takes 
place.  It  is  easily  seen  that  the  force  requisite  to  sustain  a  body  is 
smaller,  as  the  slope  on  which  it  rests  is  smaller ;  Cardan  (whose  wort, 
De  Pro^ortianibus  Numeromm,  Molnum,  Ponderum,  &c.,  was  pub- 
lished in  1546)  asserts  that  the  force  is  double  when  the  angle  of 
inclination  is  double,  and  so  on  for  other  proportions :  this  is  probably 
a  guess,  and  is  an  erroneous  one.  Guido  Ubaldi,  of  Marchmont^  pub- 
lished at  Pesaio,  in  1577,  a  work  which  he  called  Meehardeorum 
JAber,  in  which  he  endeavors  to  prove  that  an  acnte  wedge  will  pro- 
duce a  greater  mechanical  effect  than  an  obtuse  one,  without  deter- 
mining in  what  propoitmn  There  I*",  he  observes,  "a  certain  repug- 
nance" between  the  d)ieLtu  n  \n  whiLh  the  side  of  the  wedge  tends  to 
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move  tlic  obstacle  ind  the  diiection  m  which  it  re-iUv  does  inovi;. 
Thus  the  Wedge  aiil  the  Inchued  Plane  are  contiLCtel  in  principle. 
He  also  refers  the  Sciew  to  the  Inchned  Plane  and  the  Wedge,  in  a 
manner  which  shows  a  just  appiehenaion  of  the  question  Benedetti 
(1585)  treats  the  Wedgp  in  a  diflerent  manner  not  e^acf,  but  still 
showing  some  powers  of  thought  on  mechanLcal  subjects  Michael 
Varro,  whose  Tractntus  de  Motu  w<b  published  it  Geneva  m  1584, 
deduces  the  wedgp  from  the  composition  of  hjpothetJCil  motions,  in  a 
way  which  may  appear  to  some  persons  an  anticipation  of  the  doctrine 
of  the  Composition  of  Forces. 

There  is  another  work  on  subjects  of  this  kind,  of  which  several  edi- 
tions were  pnbiished  in  the  sixteenth  century,  and  which  treats  tliis 
matter  in  nearly  the  same  way  as  Varro,  and  in  favor  of  which  a  claim 
has  been  made'  (I  think  an  unfounded  one),  as  if  it  contained  the  true 
principle  of  this  problem.  The  work  is  "  Jordanus  Nemoratius  De 
Pondej-ositate."  The  date  and  hiatovy  of  this  anthor  were  probably 
even  then  unknown;  for  in  1699,  Benedetti,  correcting  some  of  the 
errors  of  Tartalea,  says  they  are  taken  "  a  Jordano  quodani  antiquo." 
The  book  was  probably  a  kind  of  school-book,  and  much  nsed ;  for  an 
edition  printed  at  Frankfort,  in  1533,  is  stated  to  he  Cum  gratia  et 
privikgio  Impenali,  Petro  Apiasio  mathemalico  Ingohtadiano  ad  xxx 
annos  concesso.  But  this  edition  does  not  contain  the  Inclined  Plane. 
Though  those  who  compiled  the  work  assert  in  words  somethiiig  like  the 
inverse  proportion  of  Weights  and  their  Velocites,  they  had  not  learnt 
at  that  time  how  to  apply  this  maxim  to  the  Inclined  Plane ;  nor  were 
they  ever  able  to  render  a  sound  reason  for  it.  In  the  edition  of  Ven- 
ice, 16S5|  however,  such  an  application  k  attempted.  The  reasonings 
are  founded  on  the  Aristotelian  assumption,  "  that  bodies  descend  more 
quickly  in  proportion  as  they  are  heavier."  To  this  principle  are  add- 
ed some  others;  as,  that  "a  body  is  heavier  in  proportion  as  it  de- 
scends more  directly  to  the  centre,"  and  that,  in  proportion  as  a  body 
descends  more  obliquely,  the  intercepted  part  of  the  direct  descent  is 
tmallei  By  meins  of  these  piineiples  the  "  descending  force"  of 
bodies  on  inclined  plines  wis  compared  by  a  process,  which,  so  far 
as  it  farms  a  hue  ot  proof  it  all  is  a  somewhat  curious  example  of 
confused  and  vicious  reison  ng  'When  two  bodies 
two  mdmel  planes  ani  tre  connected  b^  i  string  passing  c 
junct  on  of  the  planes  so  that  when  o  e  descends  the  other  ascends, 
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they  must  move  through,  equal  spaces  on  Ihe  planes ;  but  on  the  plane 
which  is  more  oblique  (that  is,  more  nearly  horizontal),  the  vertical 
descent  will  be  smaller  in  the  same  proportion  in  which  the  plane  is 
longer.  Hence,  by  the  Aristotelian  principle,  the  weight  of  the  body 
on  the  longer  plane  is  less ;  and,  to  produce  an  equality  of  effect,  the 
body  must  be  greater  in  the  same  proportion.  We  may  observe  that 
the  Aristotflhan  principle  is  not  only  false,  but  is  here  misapplied ;  for 
its  genuine  meaning  is,  that  when  bodies  fall  freely  by  gravity,  they 
move  quicker  in  proportion  as  they  are  heavier;  but  the  rule  is  here 
applied  to  the  motions  which  bodies  would  have,  if  they  were  moved 
by  a  force  extraneous  to  their  gravity.  The  proposition  was  supposed 
by  the  Aristotelians  to  he  true  of  actual  velocities;  it  is  applied  by 
Jordanns  to  virtual  velocities,  without  his  being  aware  what  he  was 
doing.  This  confusion  being  made,  the  result  is  got  at  by  taking  for 
gi'anted  tiiat  bodies  thus  proved  to  be  equally  heavy,  have  equal  pow- 
ers of  descent  on  the  inclined  planes ;  whereas,  in  the  previous  part  of 
the  reasoning,  the  weight  was  supposed  to  be  proportional  to  the  de- 
scent in  the  vertical  direction.  It  is  obvious,  in  all  this,  that  though 
the  author  had  adopted  the  false  Aristotelian  principle,  he  had 
not  settled  in  his  own  mind  whether  the  motions  of  which  it  spoke 
were  actual  or  virtual  motions ; — motions  in  the  direction  of  the  in- 
clined plane,  or  of  the  intercepted  parts  of  the  vertical,  corresponding 
to  tiese ;  nor  whether  the  "  descending  force"  of  a  body  was  sometiiing 
different  from  its  weight.  We  cannot  doubt  that,  if  he  had  been  re- 
quired to  point  out,  with  any  exaotness,  the  cases  to  which  his  reason- 
ing applied,  he  would  have  been  unable  to  do  so ;  not  possessing  any  of 
those  clear  fundamental  Ideas  of  Pressure  and  Force,  on  which  alone  any 
real  knowledge  on  such  subjects  must  depend.  The  whole  of  Jordanus's 
reasoning  is  an  example  of  the  confusion  of  thought  of  his  period,  and 
of  nothing  more.  It  no  more  supplied  the  want  of  some  man  of  ge- 
nius, who  should  give  the  subject  a  real  scientific  foundation,  than 
Ai-istotle's  knowledge  of  the  proportion  of  the  weights  on  the  lover  su- 
perseded the  necessity  of  Archimedes'  proof  of  it. 

We  are  not,  therefore,  to  wonder  that,  though  this  pretended  theo- 
rem was  copied  by  other  wiiters,  as  by  Tartalea,  in  his  Qttesiti  ct  In- 
ventioni  Diver&i,  published  in  1554,  no  progress  was  made  in  the  real 
solution  of  any  one  mechanical  problem  by  means  of  it.  Guide  Ubaldi, 
who,  in  157T,  writes  ia  such  a  manner  as  to  show  that  he  had  taken  a 
good  hold  of  his  subject  for  his  time,  refers  to  Pappus's  solution  of  the 
problem  of  the  Inclined  Plane,  but  makes  no  mention  of  that  of  Jor- 
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danus  and  Tartaloa.^  No  progress  was  likely  to  occur,  till  the  mathe- 
maticians had  distinctly  recovered  the  genuine  Idea  of  Pressure,  as  a 
Force  producing  eqnilihrium,  which  Archimedes  had  possessed,  and 
which  was  soon  to  reappear  in  Stevinus. 

The  properties  of  the  Lever  had  always  continued  known  to  mathe- 
maticians, although,  in  the  dark  period,  the  superiority  of  the  proof 
given  by  Archimedes  Lad  not  been  recognized.  We  are  not  to  he 
sui^rised,  if  reasonings  like  those  of  Jordanus  wore  applied  to  demon- 
strate the  theories  of  the  Lever  with  apparent  succesa.  Writers  on 
Mechanics  were,  as  we  have  seen,  so  vacillating  in  their  mode  of  deal- 
ing with  words  and  propositions,  that  their  maxims  could  be  made  to 
prove  any  thing  which  was  already  known  to  be  true. 

We  proceed  to  speak  of  the  beginning  of  the  real  progress  of  Me- 
chanics in  modem  times. 

Seel.  2. — Revival  of  the  Scientific  Idea  of  Pressure.— Stevinus. — 
Equilihrium  of  OUtque  Forces. 

The  doctrine  of  the  Centre  of  Gravity  was  the  part  of  the  mechan- 
ical speculations  of  Archimedes  which  was  most  diligently  prosecuted 
after  his  time.  Pappus  and  others,  ainoDg  the  ancients,  had  solved 
some  new  problems  on  this  suhjeet,  and  Commandinua,  in  1565,  pub- 
lished De  Centra  Gravitatis  Solidorum.  Such  treatises  contained,  for 
the  most  part,  only  mathematical  consequences  of  the  doctrines  of 
Archimedes ;  but  the  mathematicians  also  retmned  a  steady  conviction 
of  the  mechanical  property  of  the  Centre  of  Gravity,  namely,  that  all 
the  weight  of  the  body  might  bo  collected  there,  without  any  change 
in  the  mechanical  results;  a  conviction  which  is  closely  connected 
with  our  fundamental  conceptions  of  mechanical  action.  Such  a  prin^ 
ciple,  also,  will  enable  us  to  determine  the  result  of  many  simple  me- 
chanical arrangements ;  for  instance,  if  a  mathematician  of  those  days 
had  been  asked  whether  a  solid  ball  could  be  made  of  such  a  form, 
that,  when  placed  on  a  horizontal  plane,  it  should  go  on  rolling  forwards 
without  limit  merely  by  the  effect  of  its  own  weight,  he  would  proba- 
bly have  answered,  that  it  could  not ;  for  that  the  centre  of  gravity  of 
the  ball  would  seek  the  lowest  position  it  could  find,  and  that,  when  it 
had  found  this,  the  ball  could  have  no  tendency  to  roll  any  further. 
And,  in  making  this  assertion,  the  supposed  reasoner  would  not  be  an- 

"  Ubflldi  monUons  and  blames  Jordaiius's  way  of  tieatiug  the  Lever.     (See  hia 


Ho.i.d  b,  Google 


PRELUDE  TO  THE  EPOCH  0^  GALILEO.       317 

ticipating  any  wider  proofs  of  the  impoE^bility  of  a  ^lerpelual  motion, 
drawn  from  principles  subsequently  discovered,  but  would  be  referring 
the  question  to  certain  fundamental  convictionB,  which,  whether  put 
iut«  Axioms  or  not,  inevitably  aceoropany  our  mechanical  conceptions. 

In  the  same  way,  Stevinus  of  Bruges,  in  1586,  when  he  published 
bis  Beghinsden  der  Waaghcon&t  (Principles  of  Equilibrium),  liad  been 
asked  why  a  loop  of  chain,  hung  over  a  triangular  beam,  could  not,  as 
be  asserted  it  could  not,  go  oh  moving  round  and  round  peqjetually, 
by  the  action  of  its  own  weight,  he  would  probably  have  answered, 
that  the  weight  of  the  chain,  if  it  produced  motion  at  all,  must  have  a 
tendency  to  bring  it  into  some  cert^n  position,  and  that  when  the  chain 
had  reached  this  position,  it  would  have  no  tendency  to  go  any  fur- 
ther ;  and  thus  he  would  have  reduced  the  impossibility  of  such  a  per- 
petual motion,  to  the  conception  of  gravity,  as  a  force  tending  to  pro- 
duce equihbrium ;  a  principle  perfectly  sound  and  correct. 

"Upon  this  principle  thus  applied,  Stevinus  did  establish  the  funda- 
mental property  of  the  Inclined  Plane.  He  supposed  a  loop  of  string, 
loaded  with  fourteen  equal  baDs  at  equal  distances,  to  hang  over  a  tri- 
angular support  which  was  composed  of  two  inclined  planes  with,  a 
horizontal  base,  and  whose  sides,  being  unequal  in  the  proportion  of 
two  to  one,  supported  four  and  two  balls  respectively.  He  showed  that 
this  loop  must  bang  at  rest,  because  any  motion  would  only  bring  it 
into  the  same  condition  in  which  it  was  at  first;  and  that  the  festoon 
of  eight  balls  which  hung  down  below  the  triangle  might  be  removed 
without  disturbing  the  equilibrium ;  so  that  four  balls  on  the  longer 
plane  would  balance  two  balk  on  the  shorter  plane ;  or  in  other  words, 
the  weights  would  be  as  the  lengths  of  the  planes  intercepted  by  the 
horizontal  line. 

Stevinus  showed  his  firm  pcesessiou  of  the  tnith  contained  in  this 
principle,  by  deducing  from  it  the  properties  of  forces  acting  in  oblique 
directions  under  all  hinds  of  conditions ;  in  short,  he  showed  his  entire 
ability  to  found  upon  it  a  complete  doctrine  of  equilibrium ;  and  upon 
his  foundations,  and  without  any  additional  support,  the  mathematical 
doctrines  of  Statics  might  have  been  carried  to  the  highest  pitch  of 
perfection  they  have  yet  reached.  The  formation  of  the  science  was 
finished ;  the  mathematical  development  and  exposition  of  it  were  aJoue 
open  to  extension  and  change. 

[2d  Ed.]  ["  Simon  Stevin  of  Bruges,"  as  he  usually  designates  him- 
self in  the  title-pt^  of  his  work,  has  Jately  become  an  object  of  gene- 
ra! interest  in  his  own  country,  and  it  has  been  resolved  to  erect  a 
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statue  in  honor  of  liim  iu  one  of  tlie  public  places  of  his  native  city. 
Ho  was  horn  in  1548,  as  I  learn  from  M.  Quetelet's  notic«  of  him,  and 
died  in  1620.  Montucia  aaya  that  he  died  in  1633  ;  misled  apparently 
by  the  prefaco  to  Albert  Girard's  edition  of  Stevin'a  works,  which  was 
published  in  1634,  and  which  speaks  of  a  death  which  took  place  in 
the  preceding  year ;  but  on  examination  it  will  be  seen  that  this  refers 
to  Qirard,  not  to  Stevin. 

I  ought  to  have  mentioned,  in.  consideration  of  the  importance  of 
the  proposition,  that  Stovin  distinctly  states  the  hiangle  of  forces; 
namely,  that  three  forces  .which  act  upon  a  point  are  in  equilibrium 
when  they  are  parallel  and  proportional  to  the  thi'ee  sides  of  any  plane 
triangle.  This  includes  the  principle  of  the  Composition  of  Statical 
Forces.  Stevin  also  applies  his  principle  of  equilibrium  to  cordage, 
puUej^,  funicular  polygons,  and  especially  to  the  bits  of  bridles ;  a 
branch  of  mechanics  which  he  calls  CkalinotkUpsis. 

He  has  also  the  merit  of  having  seen  very  cleai'ly,  the  distinction  of 
statical  and  dynamical  problems.  He  remarks  that  the  question,  What 
force  will  mij>pdrt  a  loaded  wagon  on  an  inclined  plane  3  is  a  statical 
question,  depending  on  simple  conditions ;  but  that  the  question,  What 
force  will  move  the  wagon!  requires  additional  considerations  to  be 
introduced. 

In  Chapter  iv.  of  this  Book,  I  have  noticed  Stevin's  share  in  the  re- 
discovery of  the  Laws  of  the  lEquiUhrium  of  Fluids.  Ho  distinctly 
explains  the  hydrostatie  paradox,  of  which  the  discovery  is  generally 
ascribed  to  Pascal. 

Earlier  than  Stevinus,  Leonardo  da  Vinci  must  have  a  place  among 
the  discoverers  of  the  Conditions  of  Equilibrium  of  Oblique  Forces. 
He  published  no  work  on  this  subject;  hut  extracts  from  his  manu- 
scripts have  been  published  by  Tenturi,  in  his  Essai  sur  les  Ouvrages 
Pht/aico-MatM7Hatiques  de  Leonard  da  Vinci,  avec  des  Fragment  tires 
de  ses  Manuserils  apportea  d'ltalie.  Paris,  179*? :  and  by  Libri,  in 
his  Sist,  des  Se.  Math,  en  Ilalie,  1839.  I  have  also  myself  examined 
these  manuscripts  in  the  Royal  Library  at  Paris. 

It  appears  that,  as  early  as  1499,  Leonardo  gave  a  perfectly  coiTect 
statement  of  the  proportion  of  the  forces  exerted  by  a  cord  which  acts 
obliquely  and  supports  a  weight  on  a  lever.  He  distinguishes  between 
the  real  lever,  and  the  potential  levers,  that  is,  the  perpendiculars  drawn 
froin  the  centre  upon  the  directions  of  the  forces.  This  is  quite  sound 
and  satisfectory.  These  views  must  in  all  probability  have  been  sufB- 
oiently  promulgated  in  Italy  to  influence  the  speculations  of  Galileo; 
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whose  reaaouings  respeotiug  tbe  lever  muoh  reaemWe  those  of  Leo- 
nardo.-— Da  Vinci  also  anticipated  Galileo  in  asserting  that  the  time  of 
descent  of  a  body  down,  an  inclined  plane  is  to  the  time  of  descent 
down  its  vertical  length  in  the  proportion  of  the  iength  of  the  plane  to 
the  height.  But  this  cannot,  I  tiiiut,  lave  been  more  than  a  guess  : 
there  t         f     p      f^        ] 

Th  tp  pgesfth      thbajihf  mechanics, 

the  D    t         f  M  t  f    f     d     fh  tl        d  t     d    t  advance  of 

Stali  ^       dtothtwmt         t  Wmyb   rve,  however, 

that  tm     I     p     t  p    t        th        mp     t        f  f     es  appear  to 

have     p  Uy  I  ff     d  th  m    1  Th    2"     I  its  <I  Mi    of  Michael 

Varr      f  C  1      ly      f    ed  p     t  d       1584  h  d      sorted,  that 

the  f         wh   h  b  I  h     th  f    g        th       d     of  a  right- 

angled  tr     gul     w  I  tl     5     p   1         f  th       1  s  of  the  tri- 

angle       d     1th    gli  th       ss    t        1  t     pp        t     have  been 

deriv  dfmdttl       tp  th       thhdl  enee  rightly 

dedu    d  th    p    p  rt        f  th    w  dg        1th  w     A  d  shortly  after 

this  time,  Galileo  also  estabhshed  the  same  results  on  different  princi- 
ples. In  his  Treatise  Delle  Seienze  Mecanieke  (1593),  he  refers  the 
Inclined  Plane  to  the  Lever,  in  a  sound  and  nearly  satisfactory  man- 
ner ,  iraagmmg  a  lever  so  placed,  that  the  motion  of  a  body  at  the 
eifremity  of  one  of  its  arms  should  be  in  the  same  direction  as  it  is 
upon  the  plane.  A  slight  modification  makes  this  an  unexceptionable 
pot 

&ut.  d. — Pi  elude  to  Hie  Science  of  Dynamics. — Attempis  at  the  First 
Jjavi  of  Motion. 

We  have  already  seen,  that  Aristotle  divided  Motions  into  Natural 
and  Violent  Cardan  endeavored  to  improve  this  division  by  making 
three  classes :  Voluntary  Motion,  which  is  circular  and  uniform,  and 
which  is  intended  to  include  the  celestial  motions ;  ITatural  Motion, 
which  is  stronger  towards  the  end,  as  the  motion  of  a  falling  body, — 
this  is  in  a  straight  line,  because  it  is  motion  to  an  end,  and  nature 
seeks  her  ends  by  the  shortest  road ;  and  thirdly.  Violent  Motion,  in- 
cluding in  this  term  all  iinds  different  from  the  former  two.  Cardan 
was  aware  that  such  Violent  Motion  might  bo  produced  by  a  very 
small  force ;  thus  he  asserts,  that  a  spherical  body  resting  on  a  hori- 
zontal plane  may  be  put  in  motion  by  any  force  which  is  sufficient  to 
cleave  Oie  air ;  for  which,  however,  ho  erroneously  assigns  as  a  reason. 
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tlie  sniaiiness  of  the  poiut  of  contact."  But  the  most  common  mistake 
of  this  period  was,  that  of  supposing  that  as  force  is  requisite  to  move 
a  body,  ao  a  perpetual  supply  of  force  is  requisite  to  keep  it  in  motion. 
The  whole  of  what  Kepler  called  his  "  physical"  reasoning,  depended 
upon  this  assumplaon.  lie  endeavored  to  discover  the  forces  by  which 
th    m  t  f  th    pi      ts    b     t  th  m  ght  h    p    i      d    b  t 

11  h  d      1  th       1     ty    f  th    pi      t      p    d      d  b)        1 

h  b  t        tl       ff    t    f      f  J     h      ted        tl      1      t         f  tl 

m  t  K  pi  )     wh   h  th         p    t      1    11       d 

gh  mtml  ddasll       gmdtl 

t     pat        f  W  wt        d  J     f  th  te   ^      d  1        f        t    1 

f  Tl  1  al  ty  tl  t        b  t 

these    pe    1  t        th      th  t  wh  h  t   m  th  f  th    t 

/        by  th    tw    w   ta  t        tf    1     1  fi       t  m  g       K  pi 

F  rt        m  fn      J  1    it      wh   h    J]        .1       th       t    1 

t  hhthbdhdNtF  whh 

pp        1  by  th     1  f  iQ  t  K  pi       F    ce  d  tla    b   1 

t  d      N  wt  1  fl    t  1  th     I    1       f    m        h      p    ^    SB     It 

E  pi        F  d    t    y  d    th     b  dy  w  uld        t    tly    top      t 

N  wt  nmhl  t  d  fh     >    iy         11  g  f   mly 

straight  line.  Kepler  compares  tJio  action  of  his  Forces  to  the  way  in 
which  a  body  might  be  driven  round,  by  being  placed  among  tie  sails 
of  a  windmill ;  Newton's  Forces  would  he  represented  by  a  rope  pull- 
ing the  body  to  the  cenfre.  Newton's  Force  is  merely  mutual  attrac- 
tion; Kepler's  is  something  (juite  different  from  this ;  for  though  he 
perpetually  illustrates  his  views  by  the  example  of  a  magnet,  he  warns 
us  that  the  sun  differs  from  the  magnet  in  this  respect,  that  its  force  is 
not  attractive,  but  directive.*  Kepler's  essays  may  with  considerable 
reason  be  asserted  to  be  an  anticipation  of  the  Vortic^  of  Descartes; 
but  they  can  with  no  propriety  whatever  be  said  to  anticipate  New- 
ton's Dynamical  Theoiy. 

The  confusion  of  thought  which  prevented  mathematiciana  from 
seeing  the  difference  between  producing  and  preserving  motion,  was, 
indeed,  fetal  to  all  attempts  at  progress  on  this  subject.  We  have 
already  noticed  the  perplexity  in  which  Aristotle  involved  himself,  by 
his  endeavors  to  find  a  reason  for  the  continued  motion  of  a  stone 

'  la  epeakiiig  of  the  force  which  wonld  draw  a  body  up  an  jnolined  plane  be  ob- 
serves, that  "  per  oommunora  uniiai  eentenlaam,"  when  the  plane  becomes  hori- 
zontal, the  requisite  force  is  nothing. 

<  ^ttmtu  Astroa.  C'>pe'it.  p.  17fl. 
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after  tlie  moving  povicr  had  ceased  to  act;  and  that  he  had  asciibed 
it  to  the  effect  of  tHo  air  or  other  medium  in  which  the  stone  moves. 
Tattalea,  whose  Nuova  Sciema  is  dated  1550,  though  a  good  pure 
mathematician,  is  still  quite  in  the  dark  on  mechanica!  matters.  One 
of  his  propositions,  in  the  work  just  mentioned,  is  (B,  i.  Prop.  3), 
"  The  more  a  heavy  body  recedes  from  the  beginning,  or  approaches 
the  end  of  violent  motion,  the  slower  and  more  inertly  it  goes ;"  which 
he  applies  to  the  horizontal  motion  of  projectiles.  In  like  manner 
most  ofier  writers  about  this  period  conceived  that  a  oannon-hall 
goes  forwards  til!  it  loses  all  its  projectile  motion,  and  then  falls  down- 
wards. Benedatti,  who  has  already  been  mentioned,  must  be  con- 
sidered as  one  of  the  first  enlightened  opponents  of  this  and  other 
Aristotelian  errors  or  puzzles.  In  his  Speeulationum  lAher  (Venice, 
1585),  he  opposes  Aristotle's  meehanical  opinions,  with  great  expres 
sions  of  respect,  but  in  a  very  sweeping  manner.  His  chapter  ixn  is 
headed,  "  Whether  this  eminent  man  was  right  in  his  opinion  con 
ceming  violent  and  natural  motion."  And  after  stating  the  Aristote 
lian  opinion  just  mentioned,  that  the  body  is  impelled  by  the  air,  he 
says  that  the  air  must  impede  rather  than  impel  the  body,  and  thit' 
"  the  motion  of  the  body,  separated  from  the  mover,  arises  bj  a  <  eitam 
natural  impression  from  the  impetuosity  {ex  tnipetuosiiaU)  received 
from  the  mover."  He  adds,  Uiat  ia  natural  motions  this  impetuostty 
continually  increases  by  the  continued  action  of  the  cause, — namely, 
the  propension  of  going  to  the  place  assigned  it  by  nature ,  and  that 
thus  the  velocity  increases  as  the  body  moves  from  the  beginnmg  of 
its  path.  This  siatement  shows  a  clearness  of  conception  with  regard 
to  the  cause  of  accelerated  motion,  which  Galileo  himself  was  long 
in  acquiring. 

Though  Benedetti  was  thus  on  tJie  way  to  the  First  Law  of  Motion, 
— that  ail  motion  is  uniform  and  rectilinear,  except  so  far  as  it  is 
affected  hy  estraneous  forces ; — this  Law  was  not  likely  to  be  eithei 
generally  eoneeived,  or  satisfactorily  proved,  till  the  other  Laws  of 
Motion,  by  which  the  action  of  Forces  is  regulated,  had  come  into 
view.  Hence,  though  a  partial  apprehension  of  this  princ  pie  tad 
preceded  the  discovery  of  the  Laws  of  Motion,  we  must  pUi,e  the 
establishment  of  the  pnnciple  in  the  period  when  those  Liws  were 
detected  and  established,  the  period  of  Galileo  and  hii  folIowei= 
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luDOcnvB  Epoch  lp  Galillo — Discovery  op  the  Laws  of 
Motion  in  Simple  Cases. 

Sect.  1, — EsiaUislmeni  of  the  First  Law  of  Motion. 

AFTER  mathematieiana  had  begun  to  doubt  or  reject  tte  authority 
of  Aristotle,  they  were  still  some  time  in  coming  to  the  conclu- 
sion, that  the  distinction  of  Natural  and  Violent  Motions  was  alto- 
gether untenable; — that  the  velocity  of  a  body  in  motion  increased  or 
diminished  in  consequence  of  the  action  of  extiinsio  causea,  not  of  any 
property  of  the  motion  itself; — and  that  the  apparently  universal 
fact,  of  bodies  growing  slower  and  slower,  as  if  by  their  own  disposi- 
tion, till  they  finally  stopped,  from  which  Motions  had  been  called 
Violent,  arose  from  the  action  of  external  obstacles  not  immediately 
obvious,  aa  the  friction  and  the  resistance  of  the  air  when  a  ball  runs 
on  the  gi'ound,  and  the  action  of  gravity,  when  it  is  thrown  upwards. 
But  the  truth  to  which  they  were  at  last  led,  was,  that  such  causes 
would  account  for  all  the  diminution  of  velocity  which  bodies  experi- 
ence when  apparently  left  to  themselves ;  and  that  without  such  causes, 
the  motion  of  all  bodies  would  go  on  forever,  in  a  straight  line  and 
with  a  -aniform  velocity. 

Who  first  announced  this  Law  in  a  general  form,  it  may  be  difficult 
to  point  out ;  its  exact  or  approximate  truth  was  necessarily  taken  for 
granted  in  all  complete  investigations  on  the  subject  of  the  laws  of 
motion  of  falling  bodies,  and  of  bodies  projected  so  as  to  describe 
curves.  In  Galileo's  first  attempt  to  solve  the  problem  of  falling  bodies, 
he  did  not  carry  his  analysis  back  to  the  notion  of  force,  and  therefore 
this  law  does  not  appear.  In  1604  he  had  an  erroneous  opinion  on 
this  subject ;  and  we  do  not  know  when  he  was  led  to  the  true  doctrine 
which  he  published  in  his  Discorso,  in  1638.  In  his  third  Dialogue 
he' gives  the  instance  of  water  in  a  vessel,  for  the  purpose  of  showing 
that  circular  motion  baa  a  tendency  to  continue.  And  in  his  first 
Dialogue  on  the  Copernican  System'  (published  in  1630),  he  asserts 


Ho.ted  by  Google 


DISCOVERY   OF  THE   LAWS    OP  MOTION.  323 

Circular  Moti  n  al  no  t  I  it  r  1I\  unloru  anl  eU  tl  e  i  st  c 
lion  between  !Nat    al  a  J  V    le  t  Mof  In  the  D  alogues  on  Me 

chanies,  howev  r  publ  shed  in  1638  b  t  wrtten  appare  tly  at  au 
earlier  period  n  treating  of  Project  le  '  he  sserts  the  tme  Liw 
"Mobile  super  pi  n  in  hor  zontale  projeetu  n  n  ento  concpo  oa  n 
secluso  imped  me  to  jam  constat  ex  h  s  (ju'e  fus  as  al  1  1  eta  sunt 
illius  motum  eq  ab  lem  et  perpet  m  s  p  r  pso  pi  no  tiiturum  esse 
si  planum  in  infau  turn  estendatu  Go  ce  ve  a  movable  tody    po 

a  hoiizontal  plane,  and  suppose  all  obstacles  to  motion  to  be  removed ; 
it  is  then  manifest,  from  what  has  been  said  more  at  large  in  another 
place,  that  the  body's  motion  will  be  uniform  and  perpetual  upon  the 
plaue,  if  the  plane  be  indefinitely  extended."  His  pupil  Borelli,in  1667 
(in  the  treatise  De  Vi  Percvssiorm),  states  the  proposition  generally, 
that  "  Velocity  is,  by  its  nature,  uniform  and  perpetual ;"  and  this 
opinion  appears  to  have  been,  at  that  time,  generally  diffused,  as  we 
find  evidence  in  Wallis  and  others.  It  is  commonly  said  that  Descartes 
was  the  first  to  state  this  generally.  His  Principia  were  published  in 
1644 ;  but  his  proofs  of  this  First  Law  of  Motion  are  rather  of  a 
theological  than  of  a  mechanical  kind.  His  reason  for  this  Law  is,^ 
"  the  immutability  and  simplicity  of  the  operation  by  which  God  pre- 
serves motion  in  matter.  For  he  only  preserves  it  precisely  as  it  is  in 
that  moment  in  which  he  preserves  it,  tating  no  account  of  that 
which  may  have  been  previously."  Reasoning  of  this  abstract  and  a 
priori  kind,  though  it  may  be  urged  in  favor  of  true  opinions  after 
they  have  been  inductively  established,  is  almost  equally  capable  of 
being  called  in  on  the  side  of  en'or,  as  we  have  seen  in  the  case  of 
Aristotle's  philosophy.  We  ought  not,  however,  to  forget  that  the 
reference  to  these  abstract  and  a  priori  principles  is  an  indication  of 
the  absolute  universality  and  necessity  which  we  look  for  in  complete 
Sciences,  and  a  result  of  those  faculties  hf  which  such  Science  is 
rendered  possible,  and  suitable  to  man's  intellectual  nature. 

The  induction  by  which  the  First  Law  of  Motion  is  established,  con- 
sists, as  induction  consists  in  all  cases,  in  conceiving  clearly  the  Law, 
and  in  perceiving  the  subordination  of  Facta  to  it.  But  the  Law  speaks 
of  bodies  not  acted  upon  by  any  external  force, — a  case  which  never 
occurs  in  fact ;  and  the  difficulty  of  the  step  consisted  in  bringing  al) 
the  common  cases  in  which  motion  is  gradually  extinguished,  mder 
the  notion  of  the  action  of  a  retarding  force.     In  order  to  do  this, 
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Hooke  and  others  showed  that,  by  diminishing  the  obvious  resistances, 
.be  retardation  also  became  less  ;  and  men  were  gradually  Jed  to  a  dis- 
;inot  appreciation  of  the  Resistance,  Friction,  &c.,  ivhicb,  in  all  terres- 
motions,  prevent  the  Law  from  being  evident ;  and  thus  they  at 
last  established  by  experiment  a  Law  which  cannot  be  experimentally 
The  natural  uniformity  of  motion  was  proved  by  examin- 
all  kinds  of  cases  in  which  motion  was  not  uniform.  Men  culled 
the  abstract  Rule  out  of  the  concrete  Expeiimeut ;  although  the  Rule 
was,  in  every  case,  mixed  with  other  Rales,  and  each  Rule  could  be 
collected  from  the  Experiment  only  by  supposing  the  others  kuowu. 
The  perfect  simplicity  which  we  necessarily  seek  for  in  a  law  of  nature, 
enables  us  to  disentangle  the  complexity  which  this  combinjition  ap- 
pears at  first  sight  to  occasion. 

Tho  First  Law  of  Motion  asserts  that  the  motion  of  a  body,  when 
left  to  ilaelf,  will  not  only  be  uniform,  but  rectilinear  also.  This  latter 
part  of  the  law  ia  indeed  obvious  of  itself,  as  soon  as  we  conceive  a 
body  detached  from  all  special  reference  to  external  points  and  objects. 
Yet,  as  we  have  seen,  Galileo  asserted  that  the  naturally  uniform  motion 
of  bodies  was  that  which  takes  place  in  a  circle.  Benedetti,  however, 
in  1585,  had  entertained  sound  notions  on  this  subject.  In  comment- 
ing on  Aristotle's  question,  why  we  obtain  an  advantage  in  throwing 
by  using  a  sling,  he  says,''  that  the  body,  when  whirled  round,  tenijs  to 
go  on  in  a  straight  line.  In  GaUIeo's  second  Dialogue,  he  makes  one 
of  his  intei-locutors  (SJmplicio),  when  appealed  to  on  this  subject,  after 
thinking  intently  for  a  little  while,  give  the  same  opinion ;  and  the 
principle  is,  from  liis  time,  taken  for  granted  by  the  authors  who 
treat  of  the  motion  of  projectiles.  Descartes,  as  might  he  supposed, 
gives  the  same  reason  for  this  as  for  the  other  part  of  the  law,  namely, 
the  immutability  of  the  Deity. 

Sect.  2. — Formation  and  Application  of  the  Notion  of  Acceleratinr/ 
Force.— La  os  fF  U    g  Bod  s 

We  have  seen  how  rude  ani  a,,ue  were  the  attempts  ot  Aristotle 
and  his  followers  to  obtain  a  ph  lu  phy  of  bo3  es  t  11  g  downwards 
or  thrown  in  any  direction  If  the  F  -st  La  of  Mot  o  had  been 
clearly  known,  it  would  then  \e  1  ips  have  been  seen  that  the  way  to 
understand  and  analyze  the  n  ot  on  of  anj  1  ody       t<   c       der  the 
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Causes  of  change  of  motion  which  at  each  instant  operate  upon  it ;  and 
thus  men  would  have  been  led  to  the  notion  of  Accelerating  Forces, 
that  is,  Forces  ■which  act  upon  hodies  already  in  motion,  and  accel- 
erate, retard,  or  deflect  their  motions.  It  was,  howevev,  only  after 
many  attempts  that  they  reached  this  point.  They  began  by  consid- 
ering the  whole  motion  with  reference  to  certain  ill-defiued  abstract 
Notions,  instead  of  considering,  with  a  clear  apprehenrion  of  the  con- 
ditions of  Causation,  the  succenive  parts  of  which  the  motion  consiste. 
Thns,  they  spoke  of  the  tendency  of  bodies  to  the  Centre,  or  to  their 
Own  Place ; — of  Projecting  Force,  of  Impetus,  of  Retraction  ; — with 
little  or  no  profit  to  knowledge.  The  indistinctness  of  their  Kotions 
may,  perhaps,  be  judged  of  from  their  speculations  concerning  projec- 
tiles. Santbach,'  in  I56I,  imagined  that  a  body  thrown  with  great 
velocity,  as,  for  instance,  a  ball  from  a  cannon,  went  in  a  straight  line 
till  all  its  yelodty  was  exhausted,  and  then  fell  directly  downwards. 
He  has  written  a  treatise  on  gunnery,  founded  on  this  absurd  assump- 
tion. To  this  succeeded  another  doctrine,  which,  though  not  much 
more  philosophical  than  the  former,  agreed  much  better  with  the  phe- 
nomena. Nicolo  Tartalea  (JVaowa  Scienza,  Venice,  1550;  Quesiti  et 
Inventioni  Siversi,  15B4)  and  Gualtier  Eivius  (Architectura,  &o.,  Ba^l, 
1582)  represented  the  path  of  a  cannon-ball  as  consisting,  first  of  a 
straight  line  in  the  direction  of  the  original  projection,  then  of  an  arc 
of  a  circle  in  which  it  went  on  till  its  motion  became  vertical  down- 
wards, and  then  of  a  vertical  line  in  which  it  continued  to  fall.  The 
latter  of  these  writers,  however,  was  aware  that  the  path  must,  from 
the  first,  be  a  curve;  and  treated  it  as  a  straight  hue,  only  because  the 
curvature  is  very  slight.  Even  Santbach's  figure  represents  the  path 
of  the  ball  as  partially  descending  before  its  final  fall,  but  then,  it  de- 
scends by  steps,  not  in  a  curve.  Santbach,  therefore,  did  not  conceive 
the  Composition  of  the  effect  of  gravity  with  the  existing  motion,  but 
supposed  them  to  act  alternately ;  Eivius,  however,  understood  this 
Composition,  and  saw  that  gravity  must  act  as  a  deflecting  force  at 
every  point  of  the  path.  Galileo,  in  his  second  Dialogue,'  makes  Sira- 
pliciuB  come  to  the  same  conclusion.  "  Since,"  he  says,  "  there  is  noth- 
ing to  support  the  body,  when  it  quits  that  which  projects  it,  it  cannot 
be  but  that  its  proper  gravity  must  operate,"  and  it  must  immediately 
b^n  to  dechne  downwird" 
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Tlie  Force  of  Gravity  which  thus  produces  deflection  aud  cuvvature 
in  the  path  of  a,  body  thrown  obliquely,  constantly  increases  the  veloci- 
ty of  a  body  when  it  falls  vertically  downwards.  The  universality  of 
this  increase  was  obvious,  both  from  reasoning  and  in  fact;  the  law  of 
it  could  only  be  discovered  by  closer  consideration;  and  the  full  anal- 
ysis of  the  problem  required  a  distinct  measure  of  the  quantity  of 
Accelerating  Force.  Galileo,  who  first  solved  this  problem,  began  by 
viewing  it  as  a  question  of  faot^  but  conjectured  the  Bolutioa  by  taMng 
for  granted  that  the  rule  must  be  the  simplest  possible.  "Bodies,"  he 
says,'  "  will  fall  in  the  most  simple  way,  because  Natural  Motions  are 
always  the  most  simple.  When  a  stone  falls,  if  we  consider  the  matter 
attentively  w     h  11  £  d  th  t  th  dd  t  f  tl 

velocity  impl    th       th  t  wh   h        Iw  y      dd  d        th        m 

manner,'  tht  h        qlddl         ikpl  q'dtm 

"  which  w     h  11    a*  Ij       1     t     d  if         tt    d  to  th     1  t 

of  motio        dtm         FmthLwth  mdhdd      dtht 

the  spac     d     nb  d  fr  m  th    b  g  nn         f  th    m  t  1 1        th 

squares    fthtm  dg  mgthtthl  fl         t 

for  balls      H    g  d  1      d  p!         m    t  b    th       m    as  f     bod 

falling  fl    ly  h  fl  d  th  I  1-y     p     m    t 

It  will  p    h  p  to  th         d      th  t  th        gum    t,  £■  m  th 

simplicity    fthas         llw  mht  It  t^J 

easy  for  us  t     1  h  t  th  t  g      t    t     mjl     ty    ,  wh  th     ati  l 

adopts  in  her  laws.  Accordingly,  Galileo  was  led  wrong  by  this  way 
of  viewing  the  subject  before  he  was  led  right.  He  at  first  supposed, 
that  the  Velocity  which  the  body  had  acquired  at  any  point  must  be 
proportional  to  the  Space  described  from  the  point  where  the  motion 
began.  This  false  law  is  as  simple  in  its  enunciation  as  the  true  law, 
that  the  Velocity  is  proportional  to  the  Time :  it  had  been  asserted  as 
the  true  law  by  M.  Varro  [pe  Motu  Tractatus,  Geneva;,  1584),  and 
by  Baliani,  a  gentleman  of  Genoa,  who  published  it  in  1638.  It  was, 
however,  soon  rejected  by  Galileo,  though  it  was  afterwards  taken  up 
and  defended  by  Casrasus,  one  of  Galileo's  opponents.  It  so  happens, 
indeed,  that  the  false  law  is  not  only  at  variance  with  fact,  but  witli 
itself:  it  involves  a  mathematical  self-contradiction.  This  circumstance, 
however,  was  accidental :  it  would  be  easy  to  state  laws  of  the  increase 
of  velocity  which  should  be  simple,  and  yet  false  in  fact,  though  quite 
possible  in  their  own  nature. 
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The  Law  of  Velocity  was  hitlierto,  as  we  have  seen,  treated  as  a  law 
of  phenomena,  without  reference  to  the  Causes  of  the  law,  "The 
cause  of  the  aeceleratioa  of  the  motions  of  falling  todies  is  not,"  Gali- 
leo observes,  "  a  necessary  part  of  the  investigation.  Opinions  are  dif- 
ferent. Some  refer  it  to  the  approach  to  the  centre ;  others  say  that 
there  is  a  certain  extension  of  the  centrical  medium,  which,  closing 
behind  the  body,  pualies  it  forwards.  For  the  present,  it  is  enough  for 
11S  to  demonstrate  certain  properties  of  Accelerated  Motion,  the  accel- 
eration being  according  to  the  very  simple  Law,  that  the  Velocity  is 
proportional  to  the  Time.  And  if  we  find  that  the  properties  of  such 
motion  are  yerified  by  the  motions  of  bodies  descending  freely,  we  may 
suppose  that  the  assumption  agrees  with  the  laws  of  bodies  felling  free- 
ly by  the  action  of  gravity.'" 

It  was,  however,  an  easy  step  to  conceive  this  acceleration  as  caused 
.by  the  continual  action  of  Gravity.  This  account  had  already  been 
given  by  Benedetti,  as  we  have  seen.  When  it  was  once  adopted, 
Gravity  was  considered  as  a  constant  or  uniform,  force ;  on  this  point, 
indeed,  the  adherents  of  the  law  of  Galileo  and  of  that  of  Casrieus  were 
agreed ;  but  the  question  was,  what  is  a  Uniform  Force  ?  The  answer 
which  Galileo  was  led  to  give  was  obviously  this; — that  is  a  Uniform 
Force  which  generates  equal  velocities  in  equal  successive  times  ;  and 
tiiis  principle  leads  at  once  to  the  doctrine,  that  Forces  are  to  bo  com- 
pared by  comparing  the  Velocities  generated  by  them  in  equal  times. 

Though,  however,  this  was  a  consequence  of  tie  rule  by  which 
Gravity  is  represented  as  a  Uniform  Force,  the  subject  presents  some 
difficulty  at  first  sight.  It  is  not  immediately  obvious  that  we  may 
thus  measure  forces  by  the  Velocity  added  in  a  given  time,  without 
tatinginto  account  the  velocity  they  have  already.  Ifwc  communi- 
cate velocity  to  a  body  by  the  hand  or  by  a  spring,  the  efiect  we  pro- 
duce in  a  second  of  time  is  lessened,  when  the  body  has  already  a 
velocity  which  withdraws  it  from  the  pressure  of  the  agent.  But  it 
appears  that  this  is  not  so  in  the  case  of  gravity ;  the  velocity  added 
in  one  second  is  the  same,  whatever  downward  motion  the  body  al- 
ready possesses.  A  body  falling  from  rest  acquires  a  velocity,  in  one 
second,  of  thirty-two  feet ;  and  if  a  cannon-ball  were  shot  downwards 
with  a  velocity  of  1000  feet  a  second,  it  would  equally,  at  the  end  of 
one  second,  have  received  an  acce^ion  of  32  feet  to  its  velocity. 

This  conception  of  Gravity  as  a  Uniform  Force, — as  constantly  and 

s  Gal.  Op.  iii.  91,  93. 


Ho.ted  by  Google 


328  HISTOKY   OP  MECHANICS. 

equally  increasing  the  velocity  of  a  descending  body,— will  become 
clear  by  a  little  attention;  but  it  undoubtedly  presents  difficulty  at 
first  Accordingly,  we  find  that  Descartes  did  not  accept  it.  "  It  is 
certain,"  he  says,  "that  a  stone  is  not  equally  disposed  to  receive  anew 
motion  or  increase  of  velocity  when  it  ia  already  moving  very  quietly, 
and  when  it  is  moving  slowly." 

Descartes  showed,  by  other  expressions,  that  he  had  not  caught  liold 
of  the  true  notion  of  accelerating  force.  Thus,  ho  says  in  a  letter  to 
Mersenne,  "I  am  astonished  at  what  you  teU  me,  of  having  found,  by 
experiment,  that  bodies  thrown  up  in  the  air  take  neither  more  nor 
less  time  to  rise  than  to  fall  again;  and  you  will  excuse  me  if  I  say 
that  I  look  upon  tlie  experiment  as  a  very  difficult  one  to  make  ac- 
curately." Yet  it  is  clear  from  tlie  N^otion  of  a  Constant  Force  that 
(omitting  the  resistance  of  the  air)  this  equality  must  take  place ;  for 
the  Force  which  will  gradually  destroy  the  whole  velocity  in  a  certain 
time  in  ascending,  will,  in  the  same  time,  generate  again  tie  same  ve- 
locity by  the  same  gradations  inverted;  and  therefore  the  same  space 
will  be  passed  over  in  tbe  same  time  :a  the  descent  and  in  the  ascent. 

Another  difficulty  arose  from  a  necessary  consequence  of  the  Laws 
of  Falling  Bodies  tbus  established ; — the  proposition,  namely,  that  in 
acquiring  ita  motion,  a  body  passes  through  every  intermediate  degree 
of  velocity,  from  the  smallest  conceivable,  up  to  that  which  it  at  last 
acquires.  When  a  body  falls  from  rest,  it  begins  to  fall  with  mo  velo- 
city ;  the  velocity  increases  with  the  time ;  and  in  one-thousandtli  part 
of  a  second,  the  body  has  only  acquired  one-tkousajidth  part  of  the 
velocity  which  it  has  at  the  end  of  one  second. 

Tills  is  certain,  and  manifest  on  consideration ;  yet  there  was  at  first 
much  difficulty  raised  on  the  subject  of  this  assertion ;  and  disputes 
took  place  concerning  the  velocity  with  which  a  body  begins  to  fall. 
On  this  subject  also  Descartes  did  not  form  clear  notions.  Ho  writes 
to  a  correspondent,  "I  have  been  revising  my  uotes  on  Galileo,  in 
which  I  have  not  said  expressly  that  falling  bodies  do  not  pass  through 
every  degree  of  slowness,  but  I  smd  that  this  cannot  bo  known  without 
knowing  what  Weight  is,  which  comes  to  the  same  thing;  as  to  your 
example,  I  gr^t  that  it  proves  that  every  degree  of  velocity  is  infi- 
nitely divisible,  but  not  that  a  falling  body  actually  passes  througli  al! 
these  divisions." 

The  Principles  of  tie  Motion  of  Failing  Bodies  being  thus  estabhsh- 
ed  by  Galileo,  the  Deduction  of  the  principal  mathematical  conse- 
quences was,  as  is  usual,  effected  with  great  rapidity,  and  is  to  bo  found 
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in  his  works,  and  in  those  of  his  scholars  and  successoi's.  The  motion 
of  bodies  falling  freely  was,  however,  in  such  treatises,  generaliy  com- 
hined  with  the  motion  of  bodies  Falhng  along  Inclined  Planes ;  a  part 
of  the  theory  of  which  we  have  still  to  speak. 

The  Kotion  of  Accelerating  Force  and  of  its  opevation,  once  formed, 
was  naturally  applied  in  other  cases  than  that  of  bodies  falling  freely. 
The  different  velocities  with  which  heavy  and  light  bodies  fall  were 
explained  by  the  different  resistance  of  the  air,  which  diminishes  the 
accelerating  force  ^^  and  it  was  boldly  asserted,  that  in  a  vacuum  a  lock 
of  wool  and  a  piece  of  lead  would  fall  equally  quickly.  It  was  also 
maint^ned'"  that  any  falling  body,  however  large  and  heavjj  would 
always  have  its  velocity  in  some  degree  diminished  by  the  air  in  which 
it  fells,  and  would  at  last  be  reduced  to  a  state  of  uniform  motion,  as 
soon  as  the  resistance  upwards  became  equal  to  the  accelerating  force 
downwards.  Though  the  law  of  progress  of  a  body  to  this  limiting 
velocity  was  not  made  out  till  the  Principia  of  Newton  appeared,  the 
vieira  on  which  Galileo  made  this  assertion  are  perfectly  souad,  and 
show  that  he  had  clearly  conceived  the  nature  and  operation  of  accel- 
erating and  retarding  force. 

When  Uniform  Accelerating  Forces  had  once  been  mastered,  thei'e 
remained  only  mathematical  difficulties  in  the  treatment  of  Variable 
Forces.  A  Variable  Force  was  measured  by  the  Limit  of  the  incre- 
ment of  the  Velocity,  compared  with  the  increment  of  the  Time;  just 
as  a  Variable  Velocity  was  measured  by  the  Limit  of  the  increment  of 
the  Space  compared  with  that  of  the  Time. 

With  this  iutroduotioB  of  the  jS^otion  of  Limits,  we  are,  of  course,  led 
to  the  Higher  Geometry,  cither  in  its  geometrical  or  its  analytical  form. 
The  general  laws  of  bodies  felling  by  the  action  of  any  Variable  Forces 
were  given  by  Newton  in  the  Seventh  Section  of  the  Princijna,  The 
subject  is  there,  according  to  Newton's  preference  of  geometrical  meth- 
ods, treated  by  means  of  the  Quadrature  of  Curves;  the  Doctrine  of 
Limits  being  exhibited  in  a  peculiar  manner  in  the  Krat  Section  of  the 
work,  in  order  to  prepare  the  way  for  such  applications  of  it.  Leibnitz, 
the  Bemouillis,  Euler,  and  since  their  time,  many  other  mathemati- 
cians, have  treated  such  questions  by  means  of  the  analytical  method 
of  limits,  the  Diiferential  Calculus,  The  Eectilinear  Motion  of  bodies 
acted  upon  by  variable  forces  is,  of  course,  a  simpler  problem  than 
their  Curvilinear  Motion,  to  which  we  have  now  to  proceed.     But  it 

"  Galileo,  iii.  43.  "  iii.  64. 
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may  be  remarked  that  Newton,  having  established  the  laws  of  Curvi- 
linear Motion  independently,  has,  in  a  groat  part  of  his  Seventh  Sec- 
tion, deduced  tte  aimpler  ease  of  the  Eectilinear  Motion  from  the  more 
complex  problem,  by  reasonings  of  great  ingenuity  and  beauty. 


Sect.  3. — EstablUhmeni  of  Ike  Second  Law  of  Motion. —  Curvilinear 
Motions. 

A  SLIGHT  degree  of  distiactness  in  men's  mechanical  notions  enabled 
them  to  perceive,  as  we  have  already  explained,  that  a  body  which 
tracea  a  curved  line  must  be  urged  by  some  force,  by  which  it  is 
constantly  made  to  deviate  from  that  rectilinear  path,  which  it  would 
pursue  if  acted  upon  by  no  force.  Thug,  when  a  body  is  made  to 
describe  a  circle,  as  when  a  stouo  is  whirled  round  in  a  sling,  we  fiud 
that  the  string  does  eiert  such  a  force  on  the  stone ;  for  the  string  is 
stretched  by  the  effort,  and  if  it  be  too  slender,  it  may  thus  be  broken. 
This  centfifugal  force  of  bodies  moving  in  circles  was  noticed  even  by 
the  ancients.  The  eifect  of  force  to  produce  curvilinear  motion  also 
appears  in  the  paths  described  by  projectiles.  We  have  already  seen 
that  though  Tarfalea  did  not  perceive  this  correctly,  Eivius,  about  the 
same  time,  did. 

To  see  that  a  transverse  force  would  produce  a  curve,  was  one  step ; 
to  determine  what  the  curve  is,  was  another  sfep,  which  involved  the 
discovery  of  the  Second  Law  of  Motion.  This  step  was  made  by 
Galileo.  In  his  Dialogties  on.  Motion,  he  asserts  that  a  body  projected 
horizontally  will  retain  a  uniform  motion  in  the  horizontal  direction, 
and  will  have,  compounded  with  this,  a  uniformly  accelerated  motion 
downwards,  that  is,  the  motion  of  a  body  falling  vertically  from  rest ; 
and  will  thus  describe  the  curve  called  a  parabola. 

The  Second  Law  of  Motion  consists  of  this  assertion  in  a  general 
form; — namely,  that  in  all  cases  the  motion  which  the  force  will  produce 
ia  compounded  with  the  motion  which  the  body  previously  has.  This 
was  not  obvious;  for  Cardan  had  maintained,"  that  "if  a  body  is  moved 
by  two  motions  at  once,  it  will  come  to  the  place  resulting  from  their 
composition  slower  than  by  either  of  them."  The  proof  of  the  truth  of 
the  law  to  Galileo's  mind  was,  so  far  as  we  collect  from  the  Dialogue 
itself,  the  simplicity  of  the  supposition,  and  his  clear  perception  of  the 
causes  which,  in  some  cases,  produced  an  obvious  deviation  in  practice 
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fi-om  tbis  theoretical  result.  For  it  may  be  observed,  tliat  the  curvilinear 
paths  ascribed  to  military  projectiles  by  Kivius  and  Tactalea,  and  by 
other  writ^ra  who  followed  them,  as  Digges  and  Norton  in  our  owe 
country,  though  utterly  different  from  the  theoretical  form,  the  parab- 
ola, do,  in  fact,  approach  nearer  the  true  paths  of  a  cannon  or  musket 
ball  than  a  parabola  would  do ;  and  this  approximation  more  especially 
exiate  in  tiat  which  at  first  sight  appears  most  absurd  in  the  old 
theory;  namely,  the  assertion  that  the  ball,  which  ascends  in  a  sloping 
direction,  finally  descends  vertically.  In  consequence  of  the  resbtance 
of  the  air,  this  is  really  the  path  of  a  projectile ;  and  when  the  velocity 
is  very  great,  as  in  military  projectiles,  the  deviation  from  the  parabolic 
form  is  very  manifest  This  cause  of  discrepancy  between  the  theorj , 
which  does  not  tafeo  resistance  into  the  account  and  the  fa  t  Galileo 
perceived ;  and  accordingly  he  says,"  that  the  velocities  of  the  i  rojec 
tiles,  in  such  cases,  may  be  considered  aa  exoessiio  -ind  snpcinatnil 
With  the  due  allowance  to  such  causes,  he  maintained  thit  his  thcon 
was  verified,  and  might  be  applied  in  piicti  e  Suth  practnal  iff b 
cations  of  the  doctrine  of  projectiles  no  doubt  had  a  share  in  estab 
lishing  the  truth  of  Galileo's  views.  We  must  not  forget,  however, 
that  the  full  establishment  of  this  second  law  of  motion  was  the  result 
of  the  theoretical  and  experimental  discussions  concerning  the  motion 
of  lie  earth  ;  its  fortunes  were  involved  in  those  of  the  CopemieaB 
system ;  and  it  ahai'ed  the  triumph  of  that  doctrine.  This  triumph 
was  already  decisive,  indeed,  in  the  time  of  Galileo,  but  not  complete 
till  the  time  of  Wewton. 


Sect.  i. — Generalisation  of  the  Laws  of  EqwiUhriuin,. — Principle  of 
Virtual  Velocities. 

It  was  known,  even  as  early  as  Aristotle,  that  the  two  weights 
■which  balance  each  other  on  the  lever,  if  they  move  at  all,  move  with 
velocities  which  are  in  the  invefse  proportions  of  the  weights.  The 
peouliai  resources  of  the  Greek  language,  which  could  state  this  rela- 
tion of  inverse  proportionality  in  a  single  word  {avrfrthrovBev),  fixed 
it  in  men's  minds,  and  prompted  them  to  generalize  from  this  property. 
Such  attempts  were  at  first  made  with  indistinct  ideas,  and  on  conjec- 
ture only,  and  had,  therefore,  no  scientific  value.  This  is  the  judg- 
ment which  we  must  pass  on  the  book  of  Jordanus  Nemorarius,  which 
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we  Iiave  already  mentioned.  Its  reasonings  are  professedly  on  Aris- 
totelian principles,  and  exHbit  t3ie  commoa  Aristotelian  absence  of  all 
distinct  mecbanieal  ideas.  But  in  Varro,  whose  Traelaius  de  Motu 
appeared  in  1584,  we  find  tlie  principle,  in  a  general  foi-m,  not  satis- 
iaetorily  proved,  indeed,  but  mucli  more  distinctly  conceived.  This  is 
his  first  theorem :  "  Duarum  virinm  connexamm  quaram  (si  moveantur) 
motus  erunt  ipsis  avTiittnovBoy^  proportionales,  neiitra  alteram  move- 
bit,  sed  equilibrium  facient."  The  proof  offered  of  this  is,  that  the 
resistance  to  a  force  is  as  the  motion  produced ;  and,  as  we  have  seen, 
the  theorem  is  rightly  applied  in  the  example  of  the  wedge.  From 
this  time  it  appears  to  have  been  usual  to  prove  the  properties  of 
machines  by  means  of  this  principle.  This  is  done,  for  instance,  in  Les 
Eaisons  des  forces  Mouv^nles,  the  production  of  Solomon  de  Caus, 
engineer  to  the  Elector  Palatine,  published  at  Antwerp  in  1616;  in 
which  the  effect  of  Tootiied-Wheels  and  of  the  Screw  is  determined  in 
this  manner,  but  the  Inclined  Plane  is  not  treated  of.  The  same  is 
the  ease  in  Bishop  Wilkins's  Mathematical  Magic,  in  1648. 

When  the  true  doctrine  of  the  Inclined  Plane  tad  been  established, 
the  laws  of  equilibrium  for  all  the  simple  machines  or  Mechanical 
Powei-s,  as  they  had  usually  been  enumerated  in  books  on  Mechanics, 
were  brought  into  view ;  for  it  was  easy  to  see  that  the  Wedge  and  the 
Screw  involved  the  same  principle  as  the  Inclined  Plane,  and  the 
Pulley  could  obviously  be  reduced  to  the  Lever.  It  was,  also,  not 
difficult  for  a  person  witi.  clear  mechanical  ideas  to  perceive  how  any 
other  combination  of  bodies,  on  which  pressure  and  traction  are 
exerted,  may  be  reduced  to  these  simple  machines,  so  as  to  disclose 
the  relation  of  the  forces.  Hence  by  the  discovery  of  Stevinus,  all 
problems  of  equilibrium  were  essentially  solved. 

The  conjectural  generalization  of  the  property  of  the  lever,  which 
we  have  just  mentioned,  enabled  mathematicians  to  express  the  solution 
of  all  these  problems  by  means  of  one  proposition.  This  was  done  by 
saying,  that  in  raising  a  weight  by  any  machine,  we  lose  in  Time  what 
we  gain  in  Force;  the  weight  rjused  moves  as  much  slower  than  the 
power,  as  it  is  larger  than  the  power.  This  was  explained  with  great 
clearness  by  Galileo,  in  the  preface  to  his  Treatise  on  Mechanical 
Science,  published  in  1692, 

The  motions,  however,  which  we  here  suppose  the  parts  of  the 
machine  to  have,  are  not  motions  which  the  forces  produce ;  for  at 
present  we  are  dealing  with  the  case  in  which  the  forces  balance  each 
other,  and  therefore  produce  no  motion.    But  we   nscribe   to  the 
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Weights  and  Powers  hypothetical  motioas,  arising  i'roin  some  other 
cause;  and  then,  by  the  oonstruotiort  of  tte  niachiDe,  the  velocities  of 
the  Weights  and  Powers  must  have  certain  definite  ratios.  These 
velocities,  being  thus  hypothetically  supposed  and  not  actually  pro- 
duced, are  called  Virtual  Velocities.  And  the  general  law  of  eijuilib- 
rium  is,  that  in  any  machine,  the  Weights  which  balance  each  other, 
are  reciprocally  to  each  other  as  their  Virtual  Velocities.  This  is 
called  the  PHnciple  of  Virtual  Velocities, 

This  Principle  (which  was  afterwards  still  further  generalized)  is,  by 
some  of  the  admirers  of  Galileo,  dwelt  upon  aa  one  of  his  great  services 
to  Mechanics.  But  if  we  examine  it  more  neatly,  we  shall  see  that  it 
has  not  much  importance  in-  our  history.  It  is  a  generalization,  but  a 
generalization  established  rather  by  enumeration  of  cases,  than  by  any 
induction  proceeding  upon  one  distinct  Idea,  like  those  generahzatioiB 
■of  Facts  by  which  Laws  are  primarily  established.  It  rather  serves 
verbally  to  conjoin  Laws  previously  known,  than  to  exhibit  a  connection 
in  them :  it  is  rather  a  help  for  the  memory  than  a  proof  for  the 

The  Principle  of  Virtual  Velocities  is  so  far  from  implying  any 
cleat  possession  of  mechanical  ideas,  that  any  one  who  knows  the  pro- 
perty of  the  Lever,  whether  he  is  capable  of  seeing  the  reason  for  it 
or  not,  can  see  that  the  greater  weight  moves  slower  in  the  exact  pro- 
portion of  its  greater  magnitude.  Accordingly,  Aristotle,  whose  en- 
tire want  of  sound  mechanical  views  we  have  shown,  has  yet  noticed 
this  truth.  When  Galileo  treats  of  it,  instead  of  offering  any  reasons 
which  could  independently  establish  this  principle,  he  ^ves  his  readers 
a  number  of  analogies  and  illusti-ations,  many  of  them  very  loose 
ones.  Thus  the  raising  a  great  weight  by  a  small  force,  he  illustrates 
by  supposing  the  weight  broken  into  many  small  parts,  and  conceiving 
those  parts  raised  one  by  one.  By  other  persons,  the  analogy,  already 
intimated,  of  gain  and  loss  is  referred  to  as  an  argument  for  the  prin- 
ciple in  question.  Such  images  may  please  the  fancy,  but  they  cannot 
be  accepted  aa  mechanical  reasons. 

Since  Galileo  neither  first  enunciated  this  rule,  nor  ever  proved  it 
as  an  independent  principle  of  Mechanics,  we  cannot  consider  the  dis- 
covery of  it  as  one  of  his  mechanical  achievements.  Still  less  can  we 
compare  his  reference  to  this  principle  with  Stevinus's  proof  of  the 
Inclined  Plane  ;  which,  as  we  have  seen,  was  rigorously  inferred  from 
the  sound  axiom,  that  a  body  cannot  put  itself  in  motion.  If  we  were 
to  assent  to  the  really  self-evident  axioms  of  Stevinus,  only  in  virtue 
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of  the  unproved  verbal  generalization  of  Galileo,  wo  should  be  in  great 
danger  of  allowing  ourselves  to  be  referred  successively  from  one  truth 
to  another,  withont  any  reasonable  hope  of  ever  arriving  at  any  thing 
ultimate  and  fundamental. 

But  thougli  this  Principle  of  Virtual  Velocity  cannot  be  looked 
upon  as  a  great  discovery  of  Galileo,  it  is  a  highly  useful  rale ;  and 
the  various  forms  under  which  he  and  hia  successors  urged  it,  tended 
much  to  dissipate  the  vague  wonder  witli  which  the  effects  of  machines 
had  been  looked  upon ;  and  thus  to  diffuse  sounder  and  clearer  notions 
on  such  subjects. 

The  Principle  of  Virtual  Velocities  also  affected  the  progress  of 
mechanical  science  in  another  way  :  it  suggested  some  of  the  analogies 
by  the  aid  of  whicK  the  Third  Law  of  Motion  was  made  out ;  leading 
to  the  adoption  of  the  notion  of  Momentum,  as  the  aritlinietical  pro- 
duct of  weight  and  velocity.  Since  on  a  machine  on  which  a  weight 
of  two  pounds  at  one  part  balances  three  pounds  at  another  part,  the 
former  weight  mould  move  through  three  inches  while  the  latter  would 
move  through  two  inches  ;  we  see  (since  three  multiplied  into  two  is 
equal  to  two  multiplied  into  three)  that  the  Product  of  the  weight 
and  the  velocity  is  the  same  for  the  two  balancing  weights ;  and  if  we 
call  this  Product  Momentum^  the  Law  of  Eijuilibrium  is,  that  when 
two  weights  balance  on  a  machine,  tho  Momentum  of  the  two  would 
be  the  same,  if  they  were  put  in  motion. 

Tho  Notion  of  Momentum  was  here  employed  in  connection  with 
Virtual  Velocities  ;  but  it  also  came  under  consideration  in  treating  of 
Actual  Velocities,  as  we  shall  soon  see. 

Sect.  5, — Attempts  at  the  Third  Law  of  Motion. — Motion  of 
Momentum. 

Is  the  questions  we  have  hitherto  had  to  consider  respecting  Motion, 
no  regard  is  had  to  the  Size  of  the  body  moved,  but  only  to  the 
Velocity  and  Direction  of  the  motion.  We  must  now  trace  the  pro- 
gress of  knowledge  respecting  the  mode  in  which  the  Mass  of  the 
body  influences  the  effect  of  Force.  This  is  a  more  difficult  and  com- 
plex branch  of  the  subject ;  but  it  is  one  which  requires  to  be  noticed, 
as  obviously  as  the  former.  Questions  belonging  to  this  department 
of  Mechanics,  as  well  as  to  the  others,  occur  in  Ai'istotle's  Mechanical 
Problems.  "  Why,"  says  he,  "  is  it,  that  neither  very  small  nor  very 
large  bodies  go  far  when  Ve  throw  them ;  but^  in  order  that  this  may 
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happen,  the  thing  thrown  must  liave  a  certain  proportion  to  the  agent 
which  throws  it!  Is  it  that  what  is  thrown  or  pushed  must  react'' 
against  that  which  pnshes  it;  and  that  a  body  so  largo  as  not  to  yield 
at  all,  or  so  small  as  to  yield  entirely,  and  not  to  react,  produces  no 
throw  or  push  ?"  The  same  confusion  of  ideas  prevailed  after  bis 
time  ;  and  mechanical  questions  were  in  vain  discussed  by  means  of 
general  and  abstract  terms,  employed  with  no  distinct  and  steady 
meaning ;  such  as  im/petus,  power,  momentum,  virtue,  energy,  and  the 
like.  From  soroe  of  these  Bpeculations  we  may  judge  how  thorough 
the  confusion  in  men's  heads  had  become.  Cardan  perplexes  himself 
with  the  difficulty,  already  mentioned,  of  the  comparison  of  tie  forces 
o£  bodies  at  rest  and  in  motion.  If  the  Force  of  a  body  depends  on 
its  velocity,  as  it  appears  to  do,  how  is  it  that  a  body  at  rest  lias  any 
Force  at  all,  and  how  can  it  resist  the  slightest  effort,  or  exert  any 
■pressure  ?  Ho  flatters  himself  that  he  solves  the  question,  by  asserting 
that  bodies  at  rtet  have  an  occult  motion.  "  Corpus  movetur  occulto 
motu  quiascendo." — Another  puzzle,  with  which  he  appears  to  distress 
himself  rather  more  wantonly,  is  this :  "  If  one  man  can  draw  half 
of  a  certain  weight,  and  another  man  also  one  half;  when  the  two 
act  together,  these  proportions  should  be  compounded ;  so  that  they 
ought  to  be  able  to  draw  one  half  of  one  half,  or  one  quarter  only." 
The  talent  which  ingenious  men  had  for  getting  into  such  perplexities, 
was  certainly  at  one  time  very  great,  Arriaga,"  who  wrote  in  1639, 
is  troubled  to  discover  how  several  flat  weights,  lying  one  upon  another 
on  a  board,  should  produce  a  greater  pressure  than  the  lowest  one 
alone  produces,  since  that  alone  touches  the  board.  Among  other 
solutions,  he  suggests  that  the  board  affects  the  upper  weight,  which  it 
does  not  touch,  by  determining  ita  uhicaiion,  or  wkereness. 

Aristotle's  doctrine,  that  a  body  ten  times  as  heavy  as  another,  will 
fall  ten  times  as  fast,  is  another  instance  of  the  confusion  of  Statical 
and  Dynamical  Forces  ;  the  Force  of  the  greater  body,  while  at  rest, 
is  ten  times  as  great  as  that  of  the  other;  but  the  Force  as  measured 
by  the  velocity  produced,  is  equal  in  the  two  cases.  The  two  bodies 
would  fall  downwards  with  the  same  rapidity,  except  so  far  as  they 
are  affected  by  accidental  causes.  The  merit  of  proving  this  by  ex- 
periment, and  thus  refuting  the  Aristotelian  dogma,  is  usually  ascribed 
to  Galileo,  who  made  his  experiment  from  the  famous  leaning  tower 
of  Pisa,  about  1590.     But  others  about  the  same  time  had  not  over- 

"  ivTcftihiv.  "  Rod.  da  Ariiaga,  Ctrsus  PhUosophkiis.    Paris,  1Q38. 
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looked  BO  obvious  ji  fact. — F.  Piccolomini,  in  his  Liber  Sdentim  de 
Ratura,  publislied  at  Padua,  ia  1597,  says,  "Oa  the  subject  of  the 
motion  of  heavy  and  light  bodies,  Aristotle  has  put  forth  various 
opinions,  which  are  contrary  to  sense  and  experience,  and  has  delivered 
rules  concerning  the  proportion  of  quickness  and  slowness,  which  are 
palpably  false.  For  a  stone  twice  as  great  does  not  move  twice  as 
fast."  And  Steviniis,  in  the  Appendix  to  his  Statics,  describes  bis 
having  made  the  experiment,  and  speaks  with  great  eon-ectness  of  the 
apparent  deviations  from  the  rule,  arising  from  the  reastance  of  the 
air.  Indeed,  the  result  followed  by  very  obvious  reasoning;  for  ten 
bricks,  in  contact  with  each  other,  side  by  side,  would  obviously  fali  in 
the  same  time  as  one  ;  and  these  might  be  conceived  to  form  a  body 
ten  times  aa  large  as  one  of  them.  Accordingly,  Benedetti,  in  1585, 
reasons  in  this  manner  with  regard  to  bodies  of  different  size,  though 
he  retains  Aristotle's  error  as  to  the  different  velocity  of  bodies  of 
different  density. 

The  next  step  in  this  subject  is  more  clearly  due  to  Galileo ;  he  dis- 
covered the  true  proportion  which  the  Accelerating  Force  of  a  body 
falling  down  an  inclined  plane  bears  to  the  Accelerating  Force  of  the 
same  body  falling  freely.  This  was  at  first  a  happy  conjecture;  it  was 
then  confirmed  by  experiments,  and,  finally,  after  some  hesitation,  it 
was  referred  to  its  true  principle,  the  Third  Law  of  Motion,  with  pro- 
per elementary  simplicity.  The  Trinciple  hero  spoken  of  is  this : — 
that  for  the  same  body,  the  Dynamical  effect  of  force  is  as  the  Statical 
effect ;  that  is,  the  Velocity  which  any  force  generates  in  a  given  time 
when  it  puts  the  body  in  motion,  is  proportional  to  the  Pressure  which 
the  same  force  prodnces  in  a  body  at  rest.  The  Principle,  so  stated, 
appears  very  simple  and  ohvions;  yet  this  was  not  the  form  in  which 
it  suggested  itself  cither  to  Galileo  or  to  other  persons  ivho  sought  to 
prove  it.  Galileo,  in  his  Dialogues  on  Motion,  assnmes,  as  his  funda- 
mental proposition  on  this  subject,  one  much  le^  evident  tban  that 
we  have  quoted,  but  one  in  which  that  is  involved.  His  Postulate  is," 
that  when  the  same  body  falls  down  difiercnt  planes  of  the  same 
height,  the  velocities  acquired  are  equal.  He  confirms  and  illustrates 
this  hy  a  very  ingenious  experiment  on  a  pendulum,  showing  that  the 
weight  swings  to  the  same  height  whatever  path  it  be  compelled  to 
follow.  Torricelli,  in  his  treatise  published  1644,  says  that  he  had 
heard  that  Gahleo  had,  towards  the  end  of  his  life,  proved  his  assump- 
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tion,  but  that,  not  having  seen  tiie  proof,  he  will  give  his  own.  In  this 
he  refei's  us  to  the  right  principle,  but  appears  not  distinctly  to  con- 
ceive the  proof,  since  he  estimates  momentum  indiscriminately  by  the 
statical  Pressure  of  a  body,  and  by  its  Velocity  whea  in  motion ;  as  if 
these  two  quantities  were  self-evidently  equal.  Eiiygliens,  in  1673, 
expresses  himself  dissatisfied  witli  the  proof  by  which  Galileo's  assnmp- 
tion  was  supported  in  tlie  later  editions  of  his  works.  His  own  proof 
rests  on  this  principle; — that  if  a  body  fall  down  one  inclined  plane, 
and  proceed  up  another  with  the  velocity  thus  acquired,  it  cannot, 
under  any  circumstances,  ascend  to  a  higher  position  than  that  from 
which  it  fell.  This  principle  coincides  very  nearly  with  Galileo's  ex- 
perimental illustration.  In  truth,  however,  Galileo's  principle,  which 
Huyghens  thus  slights,  may  be  looked  upon  as  a  satisfactory  statement 
of  the  true  Jaw ;  namely,  that,  in  the  same  body,  tlie  velocity  produced 
is  as  the  pressure  which  produces  it.  "  Ws  are  agreed,"  he  says,'° 
"that,  in  a  movable  body,  the  impetus,  eMtgy,  momentum,  or propen- 
sion  to  motion,  is  as  great  as  is  the  force  or  least  resisttznce  which  suffices 
to  support  it."  The  various  terms  here  used,  both  for  dynamical  and 
statical  Force,  show  that  Galileo's  ideas  were  not  confused  by  the  am- 
biguity of  any  one  t«rm,  as  appears  to  have  happened  to  some  mathe- 
maticians. The  principle  thus  announced,  is,  as  we  shall  n  t 
great  extent  and  value;  and  we  read  with  interest  the  cir  m  t  n 
of  its  discovery,  which  are  thus  narrated."  When.  Viviani.  was  tndy 
ing  with  Galileo,  he  expressed  his  dissatisfaction  at  the  want  f  any 
clear  reason  for  Galileo's  postulate  respecting  the  equality  of  1  t 
acquired  down  inclined  planes  of  the  same  heights;  the  co  qu  n 
of  which  was,  that  Galileo,  as  he  lay,  tiio,  same  night,  sleeple  th  gh 
indisposition,  discovered  the  proof  which  he  had  long  sought  n  m 
and  introduced  it  in  the  subsequent  editions.  It  is  easy  to  so  bj  1  k 
ing  at  the  proof,  that  the  discoverer  had  had  to  struggle,  not  for  inter- 
mediate steps  of  reasoning  between  remote  notions,  as  in  a  problem  of 
geometry,  but  for  a  clear  possession  of  ideas  which  were  near  each 
other,  and  which  he  had  not  yet  been  able  to  bring  into  contact,  be- 
cause he  had  not  yet  a  sufficiently  firm  grasp  of  them.  Such  terms  as 
Momentum  and  Force  had  been  sources  of  confusion  from  the  time  of 
Aristotle ;  and  it  required  considerable  steadiness  of  thought  to  com- 
pare the  forces  of  bodies  at  rest  and  in  motion  under  the  obscurity  and 
vacillaljon  thus  p 
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The  term  Momentum  had  been  introduced  to  express  the  force  of 
bodies  in  motion,  before  it  was  known  what  that  effect  was.  Galileo, 
in  his  DiscoTio  inlwno  alle  Cose  die  stanno  in  m  VAcqua,  sajs,  that 
"Momentum  is  the  force,  efficacy,  or  virtue,  with  which  tho  motion 
moves  and  the  body  moved  resists,  depending  not  upon  weight  only, 
but  upon  the  velocity,  inclination,  and  any  other  cause  of  such  virtue." 
When  he  arrived  at  more  precision  in  his  views,  he  determined,  aa  we 
have  seen,  that,  in  the  saiuo  body,  the  Momentum  is  proportional  to 
the  Yelocity;  and,  hence  it  was  easily  seen  that  in  different  bodies  it 
was  proportional  to  the  Velocity  and  Mass  jointly.  The  principle  thus 
ennndated  is  capable  of  very  extensive  application,  and,  among  other 
consequences,  leads  to  &■  determination  of  the  results  of  the  mutual 
Percussion  of  Bodies.  But  though  Galileo,  like  others  of  his  prede- 
cessor and  contemporaries,  had  speculated  concerning  the  problem  of 
Percussion,  he  did  not  arrive  at  any  satisfactory  conclusion ;  and  the  prob- 
lem remained  for  the  mathematicians  of  the  nest  generation  to  solve. 

We  may  here  notice  Descartes  and  his  Laws  of  Motion,  the  publica- 
tion of  which  is  sometimes  spoken  of  as  an  important  event  in  the  his- 
tory of  Mechanics.  This  is  saying  far  too  much.  The  Frinmpia  of 
Descartes  did  little  for  physical  science.  TTiii  assertion  of  the  Laws  of 
Motion,  in  their  most  general  shape,  was  perhaps  an  improvement  in 
form ;  but  his  Third  Law  is  false  in  substance.  Descartes  claimed  sev- 
eral of  tho  discoveries  of  Galileo  and  others  of  his  contemporaries ;  but 
we  cannot  assent  to  such  claims,  when  we  find  that,  as  we  shall  see, 
he  did  not  understand,  or  would  not  apply,  the  Laws  of  Motion  when 
he  had  them  before  him.  If  we  were  to  compare  Descartes  with  Gali- 
leo, we  might  say,  that  of  the  mechanical  truths  which  were  easily 
attainable  in  the  beginning  of  the  seventeenth  century,  Galileo  took 
■'hold  of  as  many,  and  Descartes  of  as.  few,  as  was  well  possible  for  a 
mail  of  genius. 

[2d  Ed.]  [The  following  remarks  of  M.  Libri  appear  to  be  just. 
After  giving  an  account  of  the  doctrines  put  forth  on  the  subject  of 
Astronomy^  Mechanics,  and  other  branches  of  science,  by  Leonardo 
da  Vinci,  Fraoaatoro,  Maurolycus,  Commandinus,  Bened^ti,  he  adds 
{Sist.des  Sciences  MatMmatiqws  en  Italie,  t.  iii.  p.  131)  :  "This  short 
analysis  is  sufficient  to  show  that,  at  the  period  at  which  we  are  ar- 
rived, Aristotle  no  longer  reigned  unquestioned  in  the  Italian  Schools. 
If  we  had  to  write  the  history  of  philosophy,  we  should  prove  by  a 
multitude  of  facts  that  it  was  the  Italians  who  overthrew  the  ancient 
idol  of  philosophers.     Men  go  on  incessantly  repeating  that  the  strug- 
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gle  was  begun  by  Descartes,  aud  they  proclaim  him  the  legislator  of 
modern  philosophers.  Biit  wheTi  we  examine  tie  philosophicid  writ- 
ings of  Fracaatoro,  of  Benedettt,  of  Cardan,  and  above  aU,  those  of 
GaUleo ;  when  we  see  on  all  sides  enej^etic  protests  raised  against  the 
peripatetic  doctrines ;  we  ask,  what  there  remained  for  the  inventor 
of  vortices  to  do,  Jn  oveiturmng  the  natural  philosophy  of  Aristotle? 
In  addition  to  this,  the  memorable  labors  of  the  School  of  Cosenza,  of 
Telesius,  of  Giordano  Bmno,  of  CampaneUa ;  the  writings  of  Patricius, 
who  was,  besides,  a  good  geometer;  of  Nizolius,  whom  Leibnitz  es- 
teemed so  highly,  and  of  the  other  metaphysicians  of  the  same  epoch, 
— prove  that  the  ancient  philosophy  had  dready  lost  its  empire  on 
that  side  the  Alps,  when  Descartes  threw  himself  upon  the  enemy  now 
put  to  the  rout.  The  yoke  was  cast  off  in  Italy,  and  all  Europe  had 
only  to  follow  the  example,  without  its  being  Decenary  to  give  a  new 
impulse  to  real  science." 

In  England,  we  are  accustomed  to  hear  Francis  Bacon,  rather  than 
Doscart^  spoken  of  as  the  first  great  antagonist  of  the  Aristotelian 
schools,  and  the  legislator  of  modern  philosophy.  But  it  is  true,  both 
of  one  and  the  other,  that  the  overthrow  of  the  ancient  system  had 
been  effectively  begun  before  their  time  by  the  practical  discoverers 
here  mentioned,  and  others  who,  by  experiment  and  reasoning,  estab- 
lished tratha  inconsistent  with  the  received  Aristotelian  doctrines.  Gil- 
bert in  England,  Kepler  in  Germany,  as  well  as  Benedetti  and  GaUleo 
in  Italy,  gave  a  powerful  impulse  to  the  cause  of  real  knowledge,  be- 
fore the  influence  of  Bacon  and  Descartes  had  produced  any  general 
effect.  What  Bacon  really  did  was  this ;— that  by  the  august  image 
which  he  presented  of  a  futnre  Philosophy,  the  ^■ival  of  the  Aristotelian, 
and  far  more  powerful  and  extensive,  he  drew  to  it  the  affections  and 
hopes  of  all  men  of  comprehensive  and  vigorous  minds,  as  well  as  of 
those  who  .attended  to  special  trains  of  discovery.  He  announced  a 
New  Method,  not  merely  a  correction  of  special  current  errors;  he 
thus  converted  the  Insurrection  into  a  Revolution,  and  established  a 
new  philosophical  Dynasty,  Descartes  had,  in  some  degree,  the  same 
purpose ;  and,  in  addition  to  this,  he  not  only  proclaimed  himself  the 
author  of  a  New  Method,  .but  professed  to  give  a  coinplete  system  of 
the  results  of  the  Method;  His  physical  philosophy  was  put  forth  as 
complete  and  demonstrative,  and  thus  involved  the  vices  of  the  ancient 
dogmatism.  Telesius  and  CampaneUa  had  also  grand  notions  of  an 
entire  reform  in  the  method  of  philosophizing,  as  I  have  noticed  in 
the  Philosophy  of  the  Inductive  Sctmcss,  Book  xii.] 
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Seqoel  to  the  Epoch  of  Galileo.— Period  or  Vebificatios  ahb 

IE  evidence  oa  wtich  Galileo  rested  the  truth  of  the  Laws  of  Mo- 
tion which  he  asserted,  was,  as  we  have  seen,  the  simplicity  of  the 
laws  themselves,  and  the  agreement  of  their  consequences  with  facts ; 
proper  allowances  being  made  for  disturbing  causes.  His  successors 
took  up  and  continued  the  task  of  making  repeated  comparisons  of  the 
theory  with  practice,  till  no  doubt  remained  of  the  exactness  of  the 
fundamental  doctrines-  they  ilso  employed  themselves  in  simplifying, 
SB  much  as  possible  the  mole  ot  stating  thoe  d  wtrines,  and  in  tracing 
their  consequences  m  laiioua  problems  by  the  aid  of  mathematical 
reasoning.  These  employments  led  to  the  publication  of  various  Treatr 
ises  on  Falling  Bodies,  Inelmed  Planes,  Pendulnma,  Projectiles,  Spout- 
ing Fluids,  which  occupied  i  great  part  ot  the  seventeenth  century. 

The  authors  ot  these  treatises  may  he  considered  as  the  School  of 
Galileo.  Several  ot  them  were,  indeed,  his  pupils  or  personal  friends, 
Castelliwas  his  disciple  and  istronomicil  assistant  at  Florence,  and 
afterwards  his  correspondent  Tomcelh  was  at  first  a  pupil  of  Oas- 
telli,  but  became  the  mmate  ind  amanucn'is  ot  Galileo  in  1641,  and 
succeeded  him  m  his  situation  at  the  court  of  Florence  on  his  death, 
which  took  place  a  few  months  afterwards.  Viviani  formed  one  of  his 
femily  during  the  three  last  years  of  his  life ;  and  surviving  him  and  his 
contemporaries  (for  Viviani  lived  even  into  the  eighteenth  century), 
has  a  manifest  pleasure  and  pride  in  calling  himself  the  last  of  the 
disciples  of  Gahleo.  Gassendi,  an  eminent  French  mathematician  and 
professor,  visited  him  in  1628 ;  and  it  sh6ws  us  the  extent  of  his  rep- 
utation when  we  find  Milton  referring  thus  to  his  travels  in  Italy ;' 
"There  it  was  that  I  found  and  visited  the  famous  Galileo,  grown  old, 
a'prisoner  in  the  Inquisition,  for  thinking  in  astronomy  otherwise  tlian 
the  Franciscan  and  Dominican  licensers  thought." 

Besides  the  above  writer^  we  may  mention,  as  persons  who  pursued 
and  iSlush-ated  Galileo's  doctrines,  Borelli,  who  was  professor  at  Flor- 
ence and  Pisa ;  Mersenne,  the  correspondent  of  Descartes,  who  was 


ir  the  Liheiiy  of  Vnliaenud  PHnling. 
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professor  at  Paris;  V»  H        hw        pptedSibjf  t 

Oxford  in  1649,  iis  p  ed  b     g    j    t  d  by  th    p    1   m    t    j 

commissioners.     It  t  bs    y  f  to  trac    th    p  f 

purely  mathematical  ti       wli  h         ttta  tptfth 

works.of  these  autho       btfw  mt  ybmt       d 

The  question  ofthi  fttbS  dLwfMt  w  Im 
the  first,  identified  w  tb  tli         t  y      p    t      tb  t    tb    f  tb   C 

pernican  System ;  fo   tb     law  s  ppbed  tb    t  t    th    m 

formidable  of  the  objections  against  tbo  motion  of  the  earth  ;  namely, 
that  if  the  earth  were  moving,  bodies  which  wero  dropt  from  an  ele- 
vated object  would  be  left  behind  by  tie  place  from  which  they  fell. 
This  argument  was  reproduced  in  various  forms  by  the  opponents  of 
the  new  doctrine ;  and  the  answere  to  the  argument,  though  they  be- 
long to  the  history  of  Astronomy,  and  form  part  of  the  Sequel  to  the 
Epoch  of  Copernicus,  belong  more  peculiarly  to  the  history  of  Mechan- 
ics, and  are  events  in  the  sequel  to  the  Discoveries  of  Galileo.  8o  far, 
indeed,  as  the  mechanical  controversy  was  concerned,  the  advocates 
of  the  Second  Law  of  Motion  appealed,  very  triumphantly,  to  exper- 
iment. Gassendi  made  many  experiments  on  this  subject  publicly,  of 
which  an.  account  is  given  in  his  Spistolie  tres  de  Mblu  Impresso  a 
Motore  Trandato?  It  appeared  in  these  experiments,  that  bodies  let 
fall  downwards,  or  cast  upwards,  forwards,  or  backwards,  from  a  ship, 
or  chariot,  or  man,  whether  at  rest,  or  in  any  degree  of  motion,  had 
always  the  same  motion  relatively  to  the  motor.  In  the  application 
of  this  principle  to  the  system  of  the  world,  indeed,  Gassendi  and 
other  philosophers  of  his  time  were  greatly  hampered;  for  the  deference 
which  religions  scruples  required,  did  not  allow  them  to  say  that  the 
earth  really  moved,  but  only  that  the  physical  reasons  against  its  mo- 
tion were  invalid.  This  restriction  enabled  KiccioU  and,  other  writers 
on  the  geocentric  side  to  involve  the  siibjeot  in  metaphysical  difficul- 
ties ;  bat  the  conviction  of  men  was  not  permanently  shaken  by  these, 
and  the  Second  Law  of  Motion  was  soon  assumed  as  unquestioned. 

The  Laws  of  the  Motion  of  Falliug  Bodies,  as  assigned  by  Galileo,  were 
confirmed  by  the  reasonings  of  Gassendi  and  Fermat,  and  the  experi- 
ments of  Eiccioli  and  Grimaldi ;  and  the  effect  of  resistance  was  point- 
ed out  by  Marsenne  and  Dechales.  The  parabolic  motion  of  Projectiles 
was  more  especially  illustrated  hy  experiments  on  the  jet  which  spouts 
from  an  orifice  in  a  vessel  full  of  fluid.    This  mode  of  experimenting 
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is  well  adapted  to  attract  uotice,  since  the  curve  described,  which  is 
transient  sud  invisible  in  the  case  of  a  single  projectile,  becomes  per- 
manent and  visible  when  we  have  a  continuous  stream.  The  doctrine 
of  the  motions  of  fluids  has  always  been  zealously  cultivated  by  the 
Italians.  Castelli's  tKatise,  J)eUa  Mimra  delP  Mqm  Correule  (1638), 
is  the  firet  wort  on  this  subject,  and  Montucla  with  justice  calls  him 
"  the  creator  of  a  new  branch  of  hydraulics ;'"  although  he  mistakenly 
supposed  the  velocity  of  efflux  to  be  as  the  depth  of  the  orifice  from  the 
surface,  Marsenne  and  Torricelli  also  pursued  this  subject,  and  after 
them,  many  others. 

Galileo's  belief  in  the  near  approximation  of  the  curve  described  by 
a  cannon-ball  or  mustet-ball  to  the  theoretical  parabola,  was  somewhat 
too  ofasequionsly  adopted  by  succeeding  practical  writers  on  artillei-y. 
They  underrated,  as  he  had  done,  the  effect  of  the  resistance  of  the  air, 
which  is  in  fact  so  great  as  entirely  to  change  the  form  and  properties 
of  the  curve.  Notwithstanding  this,  the  parabolic  theory  was  employ- 
ed, as  in  Anderson's  Art  of  Gunnery  (1674);  and  Blondel,  in  his 
Art  de  Jeter  lea  Bomhes  (1683),  not  only  calculated  Tables  on  this  sup- 
position, but  attempted  to  answer  the  objections  which  had  been  made 
respecting  the  form  of  the  curve  described.  It  was  not  till  a  later 
period  (1740),  when  Eobins  made  a  seri^  of  careful  and  sagacious 
experiments  on  artJllery,  and  when  some  of  liie  most  eminent  mathe- 
maticians calculated  the  curve,  taking  into  account  the  resistance,  that 
the  Theory  of  Projectiles  could  be  said  to  be  verified  in  fact. 

The  Third  Law  of  Motion  was  still  in  some  confiision  when  Galileo 
died,  as  we  have  seen.  The  next  groat  step  made  in  the  school  of 
Galileo  was  the  determination  of  the  Laws  of  the  motions  of  bodies  in 
their  Direct  Impact,  so  far  as  this  impact  affects  the  motion  of  trans- 
lation. The  difficulties  of  the  problem  of  Percussion  arose,  in  part, 
from  the  heterogeneous  nature  of  Pressure  {of  a  body  at  rest),  and 
Momentum  (of  a  body  in  motion) ;  and,  in  part,  from  mixing  together 
the  effects  of  percussion  on  the  parts  of  a  body,  as,  for  instance,  cutting, 
bruising,  and  breaking,  with  its  effect  in  moving  the  whole. 

The  former  difficulty  had  been  seen  with  some  clearness  by  Galileo 
himselfl  In  a  posthumous  addition  to  his  Meekankal  Dialogues,  he 
says,  "There  are  two  Mnds  of  resistance  in  a  movable  body,  one 
internal,  as  when  we  say  it  is  more  difficult  to  lift  a  weight  of  a  thon- 
saud  pounds  than  a  weight  of  a  hundred ;  another  respecting  space,  as 
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when  we  say  that  it  requires  more  force  to  tlirow  a  stone  one  hundred 
paces  than  fifty."*  Reasoning  iipou  this  difference,  he  comes  to  the 
conclusion  that  "  the  Momentum  of  percussion  is  infinite,  since  there 
is  no  resistance,  however  great,  which  is  not  overcome  by  a  force  of 
percussion,  however  small."'  He  further  explains  this  by  observing 
that  the  resistance  to  percussion  mnst  occupy  some  portion  of  time, 
although  this  portion  may  be  insensible.  This  correct  mode  of  ro- 
nioving  the  apparent  incongruity  of  continuous  and  instantaneous  force, 
was  a  material  step  in  the  solution  of  the  problem. 

The  Laws  of  the  mutual  Impact  of  bodies  were  erroneously  given  by 
Descartes  in  his  Principia ;  and  appear  to  have  been  first  correctly 
stated  by  Wren,  Wallis,  and  IIiiyghen.a,  who  about  the  same  time 
(1669)  sent  papers  to  tlie  Eoyal  Society  of  London  on  the  subject.  In 
these  solutions,  we  perceive  that  men  were  gradually  coming  to  appre- 
hend the  Third  Law  of  Motion  in  its  most  general  sense ;  namely,  that 
die  Momentum  (which  is  proportional  to  the  Mass  of  the  body  and  its 
Velocity  jointly)  may  be  taken  for  the  measure  of  the  efiect;  so  that 
this  Momentum  is  as  much  diminished  in  the  striking  body  hy  the 
resistance  it  experiences,  as  it  is  increased  in  tbe  body  struck  by  the 
Impact.  This  was  sometimes  expre^ed  by  saying  that  "  the  Quantity 
of  Motion  remains  unaltered,"  Quantity  of  Motitm  being  used  as 
synonymous  with  Momentum.  Newton  expressed  it  by  saying  that 
''Action  and  Reaction  are  equal  and  opposite,"  which  is  still  one  of 
the  most  familiar  modes  of  expressing  the  Third  Law  of  Motion, 

In  this  mode  of  stating  the  Law,  we  see  an  example  of  a  propensity 
which  has  prevailed  very  generally  among  mathematicians ;  namely,  a 
disposition  to  present  tbe  fundamental  laws  of  rest  and  of  motion  as  if 
they  were  equally  manifest,  and,  indeed,  identical.  The  close  analogy 
and  connection  which  exists  between  the  principles  of  equilibrium  and 
of  motion,  often  led  men  to  confound  the  evidence  of  the  two ;  and 
this  confusion  introduced  an  ambiguity  in  tbe  use  of  words,  as  we  have 
seen  in  the  case  of  Momentum,  Force,  and  others.  The  same  may  be 
Siud  of  Action  and  Meaclion,  which  have  both  a  statical  and  a  dynam- 
ical signification.  And  by  this  means,  the  most  general  statements  of 
the  laws  of  motion  are  made  to  coincide  with  the  most  general  statical 
propositions.  For  instance,  Tfewton  deduced  from  his  principles  the 
conclusion,  that  by  the  mutual  action  of  bodies,  tbe  motion  of  their 
centre  of  gravity  cannot  be  affected.    Marriotte,  in  his  TraiU  de  ia 

«  Op.  iii.  210.  '  iii.  211. 
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Percussion  (1684),  had  asserted  this  proposition  for  the  case  of  direct 
impact.  But  by  the  reasonera  of  Newton's  time,  the  dynamical  prop- 
osition, that  the  motion  of  the  centre  of  gravity  is  not  altered  by  the 
actual  free  motion  and  impact  of  bodies,  was  associated  with  the 
statical  proposition,  that  when  bodies  are  in  equilibrium,  the  centre  of 
gravity  cannot  be  made  to  ascend  or  descend  by  the  virtual  motions 
of  the  bodies.  This  latter  is  a,  proposition  which  was  assumed  as  self- 
evident  by  Torricelli ;  but  which  may  more  philosophically  be  proved 
from  elementary  statical  principles. 

This  dispoMtion  to  identify  the  elementary  laws  of  eijuilibrium  and 
of  motion,  led  men  to  think  too  slightingly  of  the  ancient  solid  and 
sufficient  foundation  of  Statics,  the  doctrine  of  the  lever.  When  the 
progress  of  thought  had  opened  men's  minds  to  a  more  general  view 
of  the  subject,  it  was  considered  as  a  blemish  in  the  science  to  found 
it  on  the  properties  of  one  particular  machine.  Descartes  says  in  his 
Letters,  that  "it  is  ridioulons  to  prove  the  pulley  by  means  of  the 
lever."  And  Varignon  was  led  by  similar  reflections  to  the  project  of 
his  N'ouvelle  Mecanique,  in  which  the  whole  of  statics  should  be 
founded  on  the  compoation  of  forces.  This  project  was  published  in 
1B87 ;  but  the  work  did  not  appear  till  1725,  after  the  death  of  the 
author.  Though  the  attempt  to  reduce  the  equilibrium  of  all  machines 
to  the  composition  of  forces,  is  philosophical  and  meritorious,  the 
attempt  to  reduce  the  composition  of  Pressures  to  the  composition  of 
Motions,  with  which  Varignon's  work  is  occupied,  was  a  retrograde 
step  in  the  subject,  so  far  as  the  progress  of  distinct  mechanical  ideas 


Thus,  at  the  period  at  which  we  have  novf  arrived,  the  Principles  of 
Elementary  Mechanics  were  generally  known  and  accepted ;  and  there 
was  in  the  minds  of  mathematicians  a  prevalent  tendency  to  reduce 
them  to  the  most  simple  and  comprehensive  form  of  which  they 
admitted.  The  execution  of  this  simplification  and  extension,  which 
we  term  the  generaliKation  of  the  laws,  is  so  important  an  event,  that 
thongb  it  forms  part  of  the  natural  sequel  of  Galileo,  we  shall  treat  of 
it  in  a  separate  chapter.  But  we  must  first  bring  up  the  history  of 
the  mechanics  of  fiuids  to  the  corresponding  point. 
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CHAPTER  IV. 
DISOOVEEY  OF  THE  Meciianioal  PRiNoiPLBe  OP  Fluids. 

Sect.  1. — Rediscovery  of  ihe  Laws  of  EqtiiUhnum,  of  Fluids. 

VE  have  already  said,  tbat  the  true  laws  of  the  equilibrium  of  fluids 
were  discovered  by  Archimedes,  and  rediscovered  by  Galileo  aud 
Stevinus ;  the  intermediate  time  having  been  occupied  by  a  vagueness 
and  confusion  of  thought  on  physical  subjects,  which  made  it  impos- 
sible for  men  to  retain  such  clear  views  aa  Archimedes  had  disclosed, 
Stevinus  must  be  considered  as  the  earliest  of  the  authors  of  this  re- 
discovery ;  for  his  work  (Principles  of  Statik  and  ffydrostatik)  was 
published  in  Dutch  about  1585;  and  in  this,  his  views  are  perfectly 
distinct  and  correct.  He  restates  the  doctrines  of  Archimedes,  and 
shows  fbat,  as  a  consequence  of  them,  it  follows  that  the  pressure  of 
a  fluid  oa  the  bottom  of  a  vessel  may  be  much  greater  than  the 
weight  of  the  fluid  itself:  this  he  proves,  by  icaagining  some  of  the 
upper  portJODB  of  tho  tossc!  to  be  filled  with  fixed  solid  bodies,  which 
take  the  place  of  the  fluid,  and  yet  do  not  alter  the  pressure  on  the 
base.  He  also  shows  what  will  be  the  pressure  on  any  portion  of  a 
base  in  an  oblique  portion  ;  and  hence,  by  certain  mathematical  arti- 
fices which  make  an  approach  to  the  Infinitesimal  Calculus,  he  finds 
the  whole  pressure  on  the  base  in  such  cases.  This  mode  of  treating 
the  subject  would  take  in  a  large  portion  of  our  elementary  Hydro- 
statics as  the  science  now  stands.  Galileo  saw  the  properties  of  fluids 
no  less  clearly,  and  explained  them  very  distinctly,  in  1612,  in  his 
Discourse  on  Floating  Bodies,  It  had  been  maintained  by  the  Aris- 
fcfelians,  that  form  was  the  cause  of  bodies  floatJng ;  and  collaterally, 
that  ice  was  condensed  water ;  apparently  from  a  confusion  of  thought 
between  rigidity  and  density,  Galileo  asserted,  on  the  contrary,  that 
ice  is  rarefied  water,  as  appears  by  its  floating ;  and  in  support  of  this, 
he  proved,  by  various  experiments,  that  the  floating  of  bodies  does 
not  depend  on  their  form.  The  happy  genius  of  Galileo  is  the  more 
remarkable  in  this  case,  as  the  controversy  was  a  good  deal  perplexed 
by  the  mixture  of  phenomena  of  another  kind,  due  to  what  is  usually 
called  capillanj  or  molecular  attraction.    Thus  it  is  a  fact,  that  a  hall 
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of  ebony  sinks  in  water,  while  a.  fiat  slip  cf  the  s'^me  mrtPiial  lies  on 
tte  surface;  and  it  required  consideiible  sagacity  to  seyiiate  such 
cases  from,  the  general  rule,  Galileo's  opinions  were  attacked  by 
Tarioas  writers,  as  Nozzolini,  Vincenzio  di  Graaia,  Lndovioo  delle  Co- 
lombe;  and  defended,  by  his  pupil  Caatelli,  who  pubbahed  a  reply  in 
1615,  Theae  opinions  were  generally  adopted  and  difFuwd ;  but 
somewhat  later,  Pascal  pursued  the  subicct  more  sj stem atic ally,  and 
wrote  hi&  Treatise  of  the  ^Equilibrium  cf  Fluids,  m  1653,  m  which 
he  shows  that  a  fluid,  inclosed  in  a  vessel,  necessarily  presses  equally 
in  all  directions,  by  imagining  two  pistons,  or  sliding  plugs,  applied  at 
different  parts,  the  surface  of  one  being  centuple  that  of  the  other ;  it 
is  clear,  as  te  otservea,  that  the  force  of  one  man  acting  at  the  firat 
piston,  ■will  balance  the  force  of  one  hundred  men  acting  at  the  other. 
"And  thus,"  says  he,  "it .appears  that  a  vessel  full  of  water  is  a  new 
Prineiplo  of  Mechanics,  and  a  new  Machine  which  will  multiply  force 
to  any  degree  we  choose."  Pascal  also  referred  the  equilibrium  of 
fluids  to  the  "  principle  of  virtual  velocities,"  which  regulates  the  equi- 
librivun  of  otker  machines.  This,  indeed,  G-alileo  had  done  before  Lim. 
It  followed  from  this  doctrine,  that  the  pressure  which  is  exercised  by 
the  lower  parts  of  a  fluid  arises  from  the  weight  of  the  upper  parte. 

la  all  this  there  was  nothing  which  was  not  easily  assented  to ;  but 
the  extension  of  these  doctrines  to  the  air  required  an  additional  effort 
of  mechanical  conception.  The  pressure  of  the  air  on  all  sides  of  us, 
and  its  weight  above  us,  were  two  truths  which  had  never  yet  been 
apprehended  with  any  kind  of  clearness.  Seneoa,  indeed,'  talks  of  the 
"gravity  of  the  air,"  and  of  its  power  of  diffusing  itself  when  con- 
densed, as  the  causes  of  wind;  but  we  can  hardly  consider  such  pro- 
priety of  phraseology  in  him  as  more  than  a  chance ;  for  we  see  the 
value  of  his  philosophy  by  what  he  immediately  adds :  "  Do  you  think 
that  we  have  forces  by  which  we  move  ourselves,  and  that  the  air  is 
left  without  any  power  of  moving!  when  even  water  has  a  motion  of 
its  own,  as  we  see  in  the  growth  of  plants."  We  can  hardly  attach 
much  value  to  such  a  recognition  of  the  gravity  and  elasticity  of 
the  air. 

Yet  the  effects  of  these  causes  were  so  numerous  and  obvious,  that 
the  Aristotelians  had  been  obliged  to  invent  a  principle  to  account  for 
them ;  namely,  "  Nature's  Horror  of  a  Vacuum."  To  this  principle 
were  referred  many  familiar  phojiomena,  as  suction,  breathing,  the 

1  (Juasf.  Nnt.  v.  o. 
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action  of  a  pair  of  bellows,  its  drawing  water  if  immersed  in  water, 
its  refusing  to  open  when  the  vent  is  stopped  up.  Tte  action  of  a 
cnpping  instrument,  in  wLich  the  air  is  rarefied  by  fire  ;  the  tact  that 
water  is  supported  when  a  full  inverted  bottle  is  placed  in  a  basin ;  or 
when  a  full  tube,  open  below  and  closed  above,  is  similarly  placed ; 
the  mulling  out  of  the  water,  in  this  instance,  when  the  top  is  opened ; 
the  action  of  a  siphon,  of  a  syringe,  of  a  pump;  the  adhesion  of  two 
pohshed  plates,  and  other  facts,  were  all  explained  by  ih&fuffa  vacui. 
Indeed,  we  nmst  contend  that  the  principle  was  a  very  good  one,  inas- 
much as  it  brought  together  all  these  facts  which  are  really  of  the 
same  kind,  and  referred  them  to  a  common  cause.  But  when  urged 
as  an  ultimate  principle,  it  was  not  only  unphihsopMcal,  bnt  imper- 
fect and  wroiiff.  It  was  ■unphihsopkkal,  because  it  introduced  the 
notion  of  an  emotion,  Horror,  as  an  account  of  physical  facts ;  it  was 
imperfect,  because  it  was  at  best  only  a  law  of  phenomena,  not  point- 
ing out  any  physical  cause ;  and  it  was  wrong,  because  it  gave  an  un- 
limited extent  to  the  effect.  Accordingly,  it  led  to  mistakes.  Thus 
Meraenne,  in  1644,  speaks  of  a  siphon  which  shall  go  over  a  mountain, 
being  ignorant  then  that  the  effect  of  such  an  instrument  was  limited 
to  a  height  of  thirty-four  feet  A  few  years  later,  however,  he  had 
detected  this  mistake ,  and  in  his  third  volume,  published  in  1647,  he 
puts  his  siphon  m  his  emendanda,  and  speaks  coireetly  of  the  weight 
of  air  as  supporting  the  mercury  m  the  tube  of  Tonicelh  It  wis 
indeed,  by  finding  this  horror  ot  •%  vicuum  to  have  a  limit  at  the 
height  of  ihmty  four  feet,  that  the  true  principle  w  is  suggested  It 
was  discovered  that  when  ittemj ts  weie  made  to  raise  watci  higher 
than  this,  Nature  toleiated  a  vacuum  abo^e  the  water  which  rose  In 
1643,  Tomcelh  tried  to  produte  this  vacuum  at  i  smaller  height,  b} 
using,  instead  of  water,  the  heavier  fluid,  quicksiher,  in  attempt 
which  shows  that  the  true  explinatiou  the  baUnce  of  the  weight  of 
the  water  ty  another  piesaure,  had  already  suggested  it=elt  Indeed, 
this  appear^  from  othei  evidLUce  Galileo  had  already  taught  thit 
the  air  has  weight ;  and  Baliani,  writing  to  him  in  1630,  says,'  "  It 
we  were  in  a  vacuum,  the  weight  of  the  air  above  our  heads  would  be 
felt."  Descartes  also  appears  to  have  some  share  in  this  discovery ; 
for,  in  a  letter  of  the  date  of  1631,  he  explains  the  suspension  of 
mercury  in  a  tube,  closed  at  top,  by  the  pressure  of  the  column  of  air 
reaching  to  the  clouds. 

"  Diiukwalcr's  Galileo,  \>.  90. 
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Still  men's  minds  wanted  confirmation  in  this  view  ;  and  they  found 
BUch.  confirmation,  when,  in  1647,  Pascal  showed  practically,  that  if 
we  alter  the  length  of  the  siiperincnmbent  column  of  air  by  going  to 
a  high  place,  we  alter  the  weight  which  it  will  support.  This  cele- 
brated experiment  was  made  by  Pascal  himself  on  a  chnroK-steeple  in 
ParJB,  the  column  of  mercury  in  the  Torricellian  tube  being  used  to 
compare  the  weights  of  the  air;  but  he  wrote  to  his  brother-in-law, 
who  lived  near  the  high  mountain  of  Puy  de  D6me  in  Auvergne,  to 
request  him  to  make  th.e  csperiment  there,  where  the  result  would  be 
more  decisive.  "  You  see,"  he  says,  "  that  if  it  happens  that  the  height 
of  the  mercury  at  the  top  of  the  hill  be  less  than  at  the  bottom 
(which  I  have  many  reasons  to  believe,  though  all  those  who  have 
thought  about  it  are  of  a  different  opinion),  it  will  follow  that  the 
weight  and  pressure  of  the  fur  are  the  sole  cause  of  this  suspension, 
and  not  the  horror  of  a  vacuum  :  since  it  is  very  certain  that  there  is 
more  air  to  weigh  on  it  at  tie  bottom  than  at  the  top  ;  while  we  can- 
not say  that  nature  abhors  a  vacuum  at  the  foot  of  a  mountain  more 
than  on  its  summit." — M.  Perrier,  Pascal's  correspondent,  made  the 
observation  as  he  had  desired,  and  found  a  difference  of  three  inches 
of  mercury,  "  which,"  he  says,  "  ravished  us  with  admiration  and 


When  the  least  obvious  case  of  the  operation  of  the  pressure  and 
weight  of  fluids  had  thus  been  made  ouf,  there  were  no  further  diffi- 
culties in  the  progress  of  the  theory  of  Hydrostatics,  When  mathe- 
maticians began  to  consider  more  general  cases  than  those  of  the 
action  of  gravity,  there  arose  differences  in  the  way  of  stating  the 
appropriate  principles :  but  none  of  these  differences  imply  any  differ- 
ent conception  of  the  fundamental  nature  of  fluid  equilibrium. 

Sect.  2. — Discovery  of  the  Laws  of  Motion  of  Fluids, 

The  art  of  conducting  water  in  pipes,  and  of  directing  its  motion 
for  various  purposes,  is  very  old.  When  treated  system  aUcally,  it  has 
been  termed  Hydraulics :  but  Hydrodynamics  is  the  general  name  of 
the  science  of  the  laws  of  the  motions  of  fluids,  under  those  or  other 
circumstances.  The  Art  is  aa  old  as  the  commencement  of  civilization : 
the  Science  does  not  ascend  higher  than  the  time  of  Newton,  though 
attempts  on  such  subjects  were  made  by  Galileo  and  his  scholars. 

When  a  fluid  spouts  from  an  orifice  in  a  vessel,  Castelli  saw  that 
the  velocity  of  efSux  depends  on  the  depth  of  the  orifice  below  th.e 
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surface :  but  he  erroneously  judged  the  velocity  to  be  exactly  propor- 
tional to  the  deptL  Torricdli  found  that  the  fluid,  under  the  inevit- 
able causes  of  defect  which  occur  in  the  experiment,  would  spout 
nearly  to  the  height  of  the  sur&ce :  he  therefore  inferred,  that  the 
full  velocity  is  that  which  a  body  would  acquire  in  falling  through  the 
depth ;  and  that  it  is  consequently  proportional  to  the  square  root  of 
the  depth. — This,  however,  he  stated  only  as  a  result  of  experience,  or 
law  of  phenomena,  at  the  end  of  his  treatise,  I>e  Motu  Naluraliter 
Acceleralo,  printed  in  1643. 

Newton  treated  the  subject  theoretically  jn  the  Principia  (1887); 
but  we  must  allow,  as  Lagrange  says,  that  this  is  the  least  satisfactory 
passage  of  that  great  work.  Newton,  having  made  his  experiments  in 
another  manner  than  Torricelli,  namely,  by  measuring  the  quantity  of 
the  efflux  instead  of  its  velocity,  found  a  result  inconsistent  with  that 
of  Torricelli.  The  velocity  inferred  from  the  quantity  discharged,  waa 
only  that  due  to  Aa^the  depth  of  the  fluid. 

In  the  first  edition  of  the  Principia^  Newton  gave  a  train  of  reason- 
ing by  which  he  theoretically  demonstrated  his  own  result,  going 
upon  the  principle,  that  the  momentum  of  the  issuing  fluid  is  equal 
to  the  momeritura  which  the  column  vertically  over  the  orifice  would 
generate  by  its  gravity.  But  Torricelli's  experiments,  which  had 
given  the  velocity  due  to  the- whole  depth,  were  conflrmed  on  repeti- 
tion :  how  was  this  discrepancy  to  be  explained  ? 

Newton  explained  the  discrepancy  by  observing  the  contraction 
which  the  jet,  or  vein  of  water,  undei^oes,  just  after  it  leaves  the 
orifice,  and  which  he  called  the  vena  contracia.  At  the  orifice,  the 
velocity  is  that  due  to  half  the  height;  at  the  vena  contracta  it  is 
that  due  to  the  whole  height.  The  former  velocity  regulates  the 
qua,ntity  of  the  discharge;  the  latter,  the  path  of  the  jet. 

This  explanation  was  an  important  step  in  the  subject ;  but  it  made 
Newton's  original  proof  appear  very  defective,  to  say  the  least.  In 
the  Becond  edition  of  the  Principia  (1?14),  Newton  attacked  the 
problem  in  a  manner  altogether  difierent  from  his  former  investigation. 
He  there  assumed,  that  when  a  round  vessel,  containing  fluid,  has  a 
hole  in  its  bottom,  the  descending  fluid  may  be  conceived  to  be  a 
conoidal  mass,  which  has  ite  base  at  the  surface  of  the  fluid,  and  its 
narrow  end  at  the  orifice.  This  portion  of  the  fluid  he  calls  the  eat- 
drtut;  and  supposes  that  while  this  part  descends,  the  surrounding 

'  B,  ii.  rrop.  x^xvii. 
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parts  remain  immovable,  as  if  ttey  were  frozen ;  in  this  way  lie  finds 
a  result  agreeing  with  Torricelli'a  experiments  on  the  velocity  of  the 

We  must  allow  that  tie  assuraptioua  by  which  this  result  is  obtained 
are  somewhat  arbitrary;  and  those  which  Newton  introduces  in 
attempting  to  connect  the  problem  of  issuing  fluids  with  that  of  the 
resistance  to  a  body  moving  in  a  floid,  are  no  less  so.  But  even  up  to 
the  present  time,  mathematicians  have  not  been  able  to  reduce  prob- 
lems concerning  the  motions  of  fluids  to  mathematical  principles  and 
calculations,  without  introducing  some  steps  of  tiis  arbitrary  iind. 
And  one  of  the  uses  of  experiments  on  this  subject  is,  to  suggest  those 
hypotheses  which  may  enable  us,  in  the  manner  most  consonant  with 
the  true  state  of  things,  to  reduce  the  motions  of  fluids  to  those 
general  laws  of  mechanics,  to  which  we  know  they  must  be  subject. 

Hence  the  science  of  the  Mution  of  !Fluids,  unlike  all  the  other 
primary  departments  of  Mechanics,  is  a  subject  on  which  we  still  need 
experiments,  to  point  out  the  fundamental  principles.  Many  such 
experiments  have  beea  made,  with  a  view  either  to  compare  the  results 
of  deduction  and  observation,  or,  when  this  comparison  failed,  to 
obtain  purely  empirical  rules.  In  this  way  the  resiatanfee  of  fluids,  and 
the  motion  of  water  in  pipes,  canals,  and  rivers,  has  been  treated, 
Italy  has  possessed,  from  early  times,  a  large  body  of  such  writers. 
The  earlier  works  of  this  kind  have  been  collected  in  sixteen  quarto 
volumes.  Lecchi  and  Michelotti  about  1V65,  Bidone  mote  recently, 
have  pursued  these  inijuiries.  Eossut,  Buat,  Hachette,  in  France,  have 
labored  at  the  same  task,  as  have  Coulomb  and  Prony,  Girard  and 
Ponoelet,  Eytelwein's  German  treatise  {Hydraulik),  contains  an 
account  of  what  others  and  himself  have  done.  Many  of  these  trains 
of  experiments,  both  in  France  and  Italy,  were  made  at  the  expense  of 
governments,  and  on  a  very  magnificent  scale.  In  England  less  was 
done  in  this  way  during  the  last  century,  than  in  most  other  countries. 
The  Pkilosf^hical  Transactions,  for  instance,  scarcely  contain  a  single 
paper  on  this  subject  founded  on  experimental  investigations.*  Dr. 
Thomas  Young,  who  was  at  the  head  of  his  countrymen  in  so  many 
branches  of  science,  was  one  of  the  first  to  call  back  attention  to  this ; 
and  Mr.  Kennie  and  others  have  recently  made  valuable  experiments. 
In  many  of  the  questions  now  spoken  of,  the  accordance  which  engi- 
neers are  able  to  obtain,  between  their  calculated  and  observed  reaulls, 
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is  very  great :  but  these  calculations  arc  performed  by  means  of 
empirical  fonnulje,  which  do  not  connect  the  facts  with  their  causes, 
and  still  leave  a  wide  space  to  be  traversed,  in  order  to  complete  the 
science. 

In  the  mean  time,  all  the  other  portions  of  Mechanics  were  reduced 
to  general  laws,  and  analytical  processes ;  and  means  were  found  of 
including  Hydrodynamics,  notwithstanding  the  difficulties  which  attend 
its  special  problems,  in  this  common  improvemcEt  of  form.  This  pro- 
gress we  must  relate. 

[2d  Ed.]  [The  hydrodynamical  problems  referred  to  above  are,  the 
laws  of  a  fluid  issuiog  from  a  vessei,  the  laws  of  the  motion  of  water 
in  pipes,  canals,  and  rivers,  and  the  laws  of  the  resistance  of  fluids. 
To  these  may  be  added,  as  an  hydrodynamical  problem  important  in 
theory,  in  experiment,  and  in  the  comparison  of  the  two,  the  laws  of 
waves.  Newton  gave,  in  the  Principia,  an  explanation  of  the  waves 
of  water  (Lib.  ii.  Prop.  44),  which  appeai-s  to  proceed  upon  aa  erro- 
neous view  of  the  nature  of  the  motion  of  the  fluid :  but  in  his  solution 
of  the  problem  of  sound,  appeared,  for  the  first  time,  a  correct  view  of 
the  propagation  of  an  undulation  in  a  fluid.  The  history  of  this  sub- 
ject, as  bearing  upon  the  theory  of  sound,  is  given  in  Book  viii. :  but 
I  may  here  remark,  that  the  laws  of  the  motion  of  waves  have  been 
pursued  experimentally  by  various  persons,  as  Eremontier  {Recherches 
sur  le  Mouventent  des  Ondes,  1809),  Emy  (Z*«  Mouvement  des  Ondes, 
1831),  the  "Webers  {Wellenlekre,  1825);  and  "by  Mr.  Scott  Russell 
(ReporU  of  the  British  Association,  1844).  The  analytical  theory  has 
been  carried  on  by  Poisson,  Cauohy,  and,  among  ourselves,  by  Prof. 
Kelland  (Min.  Trans.),  and  Mr.  Airy  (in  the  article  Tides,  in  the 
Encyclopedia  Metrt^oUtand).  And  though  theory  and  experiment 
have  not  yet  been  brought  into  complete  accordance,  great  progre^ 
has  been  made  in  that  work,  and  the  remaining  chasm  between  the 
two  is  manifestly  due  only  to  the  incompleteness  of  both.] 

Perhaps  the  moat  remarkable  case  of  fluid  motion  recently  discussed, 
is  one  which  Mr,  Scott  Russell  has  presented  experimentally ;  and 
which,  though  iovel,  is  easily  seen  to  follow  from  known  principles ; 
namely,  the  Great  Solitary  Wave.  A  wave  may  bo  produced,  which 
shall  move  along  a  canal  unaccompanied  by  any  other  wave :  and  the 
simplicity  of  this  case  makes  the  mathematical  conditions  and  conse- 
ijueneea  more  simple  than  they  are  in  most  other  problems  of  Hydro- 
dynamica. 
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CHAPTER  V. 
Gbnebalization  of  the  Pkiwciples  or  Meohanios. 


Sect.  1. — Generalization  of  the  Second  Law  of  Motion. — Central  Forces. 

THE  Second  Law  of  Motion  being  proved  for  consfant  Forces  wHch 
act  in  parallel  lines,  and  the  Third  Law  for  the  Direct  Action  of 
bodies,  it  stiil  req^uired  great  mathematical  talent,  and  some  inductive 
power,  to  see  clearly  the  laws  which  govern  the  motion  of  any  number 
of  bodies,  acted  upon  by  each  other,  and  by  any  forces,  anyhow  vary- 
ing in  Diagnitude  and  direction.  This  was  the  tast  of  the  generaliza- 
tion of  the  laws  of  motion. 

Galileo  had  convinced  himself  that  the  velocity  of  projection,  and 
that  which  gravity  alone  would  produce,  are  "both  maintained,  with- 
out being  altered,  perturbed,  or  impeded  in  their  mixture."  It  is  to  be 
.  observed,  however,  that  the  truth  of  this  result  depends  upon  a  par- 
ticular circumstance,  namely,  that  gravity,  at  all  points,  acta  in  lines, 
which,  as  to  sense,  are  parallel.  When  we  have  to  consider  cases  in 
which  this  is  not  true,  as  when  the  force  tends  to  the  centre  of  a  circle, 
the  law  of  composition  cannot  bo  applied  in  the  same  way;  and,  in 
this  CMC,  mathematicians  were  met  by  some  peculiar  difficulties. 

One  of  these  difficulties  arises  from  the  apparent  inconsistency  of  the 
statical  and  dynamical  measures  of  force.  When  a  body  moves  in  a 
circle,  the  force  which  nrges  the  body  to  the  centre  is  only  a  tendency 
to  motion ;  for  the  body  does  not,  in  fact,  approach  to  the  centre ;  and 
this  mere  tendency  to  motion  is  combined  with  an  actual  motion,  which 
taies  place  in  the  circumference.  We  appear  to  have  to  compare  two 
things  which  are  heterogeneous.  Descartes  had  noticed  this  difficulty, 
but  without  giving  any  satisfactory  solution  of  it.'  If  we  combine  the 
actual  motion  to  or  from  the  centre  with  the  traverse  motion  about 
the  centre,  wo  obtain  a  result  which  is  false  on  mechanical  principles. 
Galileo  endeavored  in  this  way  to  find  the  curve  described  by  a  body 
which  falls  towards  the  earth's  centre,  and  is,  at  the  same  time,  carried 

■  Ffinm^.  P.  iii.  59. 


Ho.ted  by  Google 


GENERALIZATION   OF    i'KINCU'I.LS,  35B 

rouiif!  by  the  motion  of  the  earth ;  and  obtaiaed  iiii  erroneous  result. 
Kepltr  and  Fermat  attempted  the  same  problem,  and  obtained  solu- 
tiona  different  from  that  of  Galileo,  but  not  more  correct. 

Eren  Kowton,  at  an  early  period  of  his  Epeculaliona,  had  an  eiTo- 
neoiia  opinion  respecting  thia  curve,  which  he  imagined  to  be  a  tind 
of  spiral.  Hoote  animadverted  upon  this  opinion  when  it  was  laid 
before  the  Royal  Society  of  London  in  1679,  and  stated,  more  truly, 
that,  supposing  no  reaiatance,  it  would  be  "  an  eccentric  ellipsoid,"  that 
is,  a  figure  resembling  an  ellipse.  Bat  though  he  had  made  out  tie 
approximate  form  of  the  curve,  iu  some  unexplained  way,  we  have  no 
reason  to  believe  that  he  posaessed  any  means  of  determining  t!ie 
mathematical  properties  of  the  curve  described  in  such  a  case.  The 
perpetual  composition  of  a  central  force  with  the  previous  motion  of 
the  body,  could  not  be  auecesafuUy  treated  without  the  consideration 
of  the  Doctrine  of  Limits,  or  something  equivalent  to  that  doctrine. 
The  first  example  which  we  have  of  the  light  solntion  of  such  a  prob- 
lem occurs,  so  far  as  I  know,  in  the  Theorems  of  Huyghens  concern- 
ing Circular  Motion,  which  were  publiahed,  without  demonstration,  at 
the  end  of  his  Sorologium,  Oscillatormm,  in  1673.  It  was  there  as- 
serted that  when  equal  bodies  describe  circles,  if  the  times  are  equal, 
the  centrifugal  forces  will  be  as  the  diameters  of  the  circles ;  if  the 
volooities  are  equal,  the  forces  will  be  reciprocally  as  the  diameters, 
and  so  on.  In  order  to  arrive  at  these  propositions,  Huyghens  must, 
virtually  at  least,  have  apphed  the  yecond  Law  of  Mot  on  to  the  limit- 
ing elements  of  the  cur\e,  according  to  the  way  m  which  Newton,  a 
few  years  later,  gave  the  di_monatration  of  the  Iheoiems  if  Huyghens 
in  the  Principia. 

The  growing  persuasion  thit  the  motuns  ot  the  heavenly  bodies 
about  the  sun  might  be  exjiainel  >v  theacticn  of  central  fore^  gave 
a  peculiar  interest  to  these  raech  inicai  speculation'^,  at  the  period  now 
under  review.  Indeed,  it  is  not  easy  to  stite  "iepaiately,  is  our  present 
object  requires  us  to  do,  the  progress  of  Mechanics,  and  the  progress 
of  Astronomy.  Tet  the  distinction  which  we  have  to  make  is,  in  its 
nature,  snfBciently  marked.  It  is,  in  fact,  no  less  marked  than  the  dis- 
tinction between  speaking  logically  and  speaking  truly.  The  framers 
of  the  science  of  motion  were  employed  in  establishing  those  notions, 
names,  and  rules,  in  conformity  to  which  all  mechanical  truth  must  be 
expressed ;  but  v)ka,t  vxts  the  truth  with  regard  to  the  mechanism  of 
the  universe  remained  to  be  detennined  by  other  means.  Physical  As- 
tronomy, at  the  period  of  which  we  spealf,  eclipsed  and  overlaid  theo- 
■Vm.  I.— 23 
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i-etical  Meolianics,  as,  a  little  previously,  Dynamics  had  eclipsed  and 
superseded  Statics. 

The  laws  of  variable  force  and  of  curvilinear  motion  were  not  much 
pursued,  till  the  invention  of  Fluxions  and  of  the  Differential  Calculus 
agaia  turned  men's  minds  to  these  subjects,  as  easy  and  interesting  ex- 
ercises of  the  pow  of  these  new  methods.  Newton's  Principia,  of 
which  the  first  two  B  ks  e  pu  ely  dynamical,  is  the  great  exception 
Hi  this  assertion  ;  nasmn.  h  as  t  ontains  correct  solutions  of  a  great 
variety  of  the  mo  ^  n  1  j  bl  ms  of  the  science ;  and  indeed  is, 
even  yet,  one  of  h  n  compl  to  treatises  which  we  possess  upon 
the  subject, 

We  have  seen  that  Kepler,  in  his  attempts  to  explain  the  curvilinear 
motions  of  the  planets  by  means  of  a  central  force,  failed,  in  consequence 
of  his  belief  that  a  continued  transverse  action  of  the  central  body  was 
requisite  to  iieep  np  a  continual  motion.  Galileo  had  founded  his  theory 
of  projectiles  on  the  principle  that  such  an  action  was  not  necessary ; 
yet  Borelli,  a  pupil  of  Galileo,  when,  in  1666,  he  published  his  theory 
of  the  Medicean  Stars  (th  t  H't  f  Jup't  )  d'd  t  k  op  quite 
clear  of  the  same  errors  wh    h  had    t   t  d  E.  j  1  g  ,  In  the 

same  way,  though  Descarte  mtn        pintasth    first  pro- 

mulgator of  the  First  Law  fMt  jtt  th  yt^rtces  roost 
have  been  mainly  suggestel  by  a        tint  tid      e  in  that 

law.     When  he  represented  th    [  1      t        1      t  II  t  ag  their 

motions  to  oceans  of  fluid  d  ffusei  th  gh  th  1  t  1  p  ces,  and 
constantly  whirling  round  th         tibd       h  tl        felt  afraid 

of  trusting  the  planets  toth      p      tnfthl  fmtnin  free 

space.  Sounder  physical  philos  \h  h  w  b  n  t  p  ceive  the 
I'ea!  nature  of  the  question  A  Jy  as  1666  w  \  the  Jour- 
nals of  the  Royal  Society,  th  t  th  w  d  a  p  [  f  M  Hookc's 
explicating  the  iniiexion  of  a  direct  motion  into  a  cnrve  by  a  super- 
vening attractive  principle ;"  and  before  the  publication  of  the  Prin- 
dpia  in  1687,  Huyghens,  as  wo  have  seen,  in  Holland,  and,  in  our  own 
country.  Wren,  Halley,  and  Hooke,  had  made  some  progress  in  the 
true  mechanics  of  circular  motion,'  and  had  distinctly  contemplated 
the  problem  of  the  motion  of  a  body  in  an  ellipse  by  a  central  force, 
though  they  conld  not  solve  it.  Halley  went  to  Cambridge  in  1684,' 
for  the  express  purpose  of  consulting  Newton  upon  the  subject  of  the 
production  of  the  elliptical  motion,  of  tlie  planets  by  means  of  a  central 

s  Newt.  Friiudp.  Sehol.  to  Prop.  iv.     =  Sir  1).  Brewster's  U/e  o/Mii>tm,  p.  154, 
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force,  and,  on  the  10th  of  December,''  announced  to  the  Royal  Society 
that  he  had  seen  Mr.  Newton's  book,  De  Motu  Corporum.  The  feel- 
ing that  mathematicians  were  on  the  brink  of  discoveries  such  as  are 
contained  in  this  work  was  so  strong,  that  Dr.  Halley  was  requested 
to  remind  Mr.  Newton  of  his  pi-omise  of  entering  them  in  the  Register 
of  the  Society,  "  for  securing  the  invention  to  himself  till  such  time  as 
he  can  be  at  leisure  to  pubhsh  it,"  The  manuscript,  with  the  title 
Pkilosopkiw  Naturalis  Principia  Maihsmatiea,  was  presented  to  the 
society  (to  which  it  was  dedicated)  on  the  28th  of  April,  1686.  Dr. 
Vincent,  who  presented  it,  bpoke  of  the  novelty  and  dignity  of  the 
subject;  and  the  president  (Sir  J.  Hoskins)  added,  with  great  truth, 
"that  the  nietlioJ  was  so  much  the  more  to  he  prized  as  it  was  both 
invented  and  perfected  at  the  same  time." 

The  reader  wili  recollect  that  wo  are  here  speaking  of  the  Principia 
as  a  Mechanical  Treatise  only ;  we  shall  afterwards  have  to  consider  it 
as  containing  the  greatest  discoi  eries  of  Physical  Astronomy.  As  a 
work  on  Dynamics,  its  merit  is,  that  it  exhibits  a  wonderful  store  of 
refined  and  beautiful  mathematical  artifices,  applied  tfl  solve  all  the 
most  general  problems  which  the  subject  ofiered.  The  Principia  can 
hardly  be  said  to  contain  any  new  inductive  discovery  respecting  the 
principles  of  mechanics ;  for  though  M^ewton's  Axioms  or  Laws  of  Mo- 
tion, which  stand  at  the  beginning  of  the  hook,  are  a  much  clearer  and 
more  general  statement  of  the  grounds  of  Mechanics  than  had  yet  ap- 
peared, they  do  not  involve  any  doctrines  which  had  not  been  pre- 
viously stated  or  taken  for  granted  by  other  mathematicians. 

The  work,  however,  besides  its  unrivalled  mathematical  skill,  em- 
ployed in  tracing  out,  deductively,  the  consequences  of  the  laws  of 
motion,  and  its  great  cosmical  discoveries,  which  we  shall  hereafter 
treat  of,  had  great  philosophical  value  in  the  history  of  Dynamics,  as 
exhibiting  a  clear  conception  of  the  new  character  and  functions  of 
that  science.  In  his  Preface,  Newton  says,  "  Rational  Mechanics  must 
be  the  science  of  the  Motions  which  result  from  any  Forces,  and  of  the 
Forces  which  are  required  for  any  Motions,  accurately  propounded  and 
demonstrated.  For  many  things  induce  me  to  suspect,  that  all  natural 
phenomena  may  depend  upon  some  Forces  by  which  the  particles  of 
bodies  are  either  drawn  towards  each  other,  and  cohere,  or  repel  and 
recede  from  each  other :  and  these  Forces  being  hitherto  unknown, 
philosophers  have  pursued  their  researches  in  vain.     And  I  hope 

•  Id.  p.  184. 
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that  th.e  principles  expounded  in  this  work  will  aUbrd  some  light, 
either  to  Lliis  mode  of  pliiloaophizing,  or  to  some  mode  which  is  more 
true." 

Before  we  pursne  this  subject  further,  we  must  trac«  tlie  remainder 
of  the  history  of  the  Third  Law. 

Sect.  2, —  Generalization  of  the  Third  Law  of  Motion.- — Centre  of 
Oscilla  tiQn.—Huyghens . 

The  Third  Law  of  Motion,  whether  expressed  a.coording  to  New- 
ton's formula  (by  the  equality  of  Action  and  Reaction),  or  in  any 
other  of  the  ways  employed  about  the  same  time,  easily  gave  the  solu- 
tion of  mechanical  problems  in  all  cases  of  direct  action ;  that  is,  when 
each  body  acted  directly  on  others.  But  there  still  remained  the  prob- 
lems in  which  the  action  is  indirect  ; — when  bodies,  in  motion,  act  on 
each  other  by  the  intervention  of  lovers,  or  in  any  other  way.  If  a 
rigid  rod,  passing  through  two  weights,  be  made  to  swing  about  its 
upper  point,  so  as  to  form  a  pendulum,  each  weight  will  act  and  react 
on  the  other  by  means  of  the  rod,  considered  as  a  lever  turning  about 
the  point  of  suspension.  "What,  in  this  case,  will  be  the  effect  of  this 
action  and  reaction  ?  In  what  time  will  the  pendulum  oscillate  by  the 
force  of  gravity  ?  Where  ia  the  point  at  which  a  single  weight  must 
be  placed  to  oscillate  in  the  same  time?  in  other  words,  where  is  the 
Centre  of  Oscillation  ? 

Such  was  the  problem — an  example  only  of  the  general  problem  of 
indirect  action — which  mathematicians  had  to  solve.  That  it  was  by 
ao  means  easy  to  see  in  what  manner  the  law  of  the  communication  of 
motion  was  to  be  extended  from  simpler  cases  to  thrao  whore  rotatory 
motion  was  produced,  is  shown  by  this; — that  Newton,  in.  attempting 
to  solve  the  mechanical  problem  of  the  Precession  of  the  EquinoxeB, 
fell  into  a  serious  error  on  this  very  subject.  He  assumed  that,  when 
a  part  has  to  coramunicata  rotatory  movement  to  the  whole  (as  the 
protuberant  portion  of  the  terrestrial  spheroid,  attracted  by  the  sun 
and  moon,  communicates  a  small  movement  to  the  whole  mass  of  the 
earth),  the  quantity  of  the  motion,  "  motus,"  will  not  be  altered  by 
being  communicated.  This  principle  is  true,  if,  by  Tnotion,  we  under- 
stand what  is  called  motaent  of  inertia,  a  quantity  in  which  both  tie 
velocity  of  each  particle  and  its  distance  from  the  axis  of  rotation  are 
taken  into  account :  but  Newton,  ia  his  calculations  of  its  amount,  con- 
sidered the  velocity  only;  thus  mating  motion,  in  this  case,  identical 
with  the  momentum  which  he  introduces  in  treating  of  the  simpler  ease 
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of  tte  third  law  of  motion,  wiien  the  action  is  direct.  This  error  w.is 
retained  even  in  the  later  editions  of  the  Prindpia.^ 

The  question  of  the  centre  of  oscillation  had  heen  proposed  by  Mer- 
senne  somewhat  earlier,'  in  1646,  And  though  the  problem  was  out 
of  lie  reach  of  any  priucipli^  at  that  time  known  and  understood,  some 
of  the  mathematicians  of  the  day  had  rightly  solved  some  cases  of  it, 
by  proceeding  as  if  the  question  had  been  to  find  the  Centre  of  Per- 
cussion. The  Centre  of  Percussion  is  the  point  about  which  the  mo- 
menta of  all  the  parts  of  a  body  balance  each  other,  when  it  is  in  motion 
about  atiy  axis,  and  is  stopped  by  striking  against  an  obstacle  placed 
at  that  centre.  Eoberval  found  this  point  in  some  easy  cases ;  Des- 
cartes also  attempted  the  problem ;  their  rival  labors  led  to  an  angry 
controversy :  and  Descartes  was,  as  in  his  physical  speculations  he 
often  was,  very  presumptuous,  though  not  more  than  half  right. 

Huyghens  was  hardly  advanced  beyond  boyhood  when  Mersenne 
first  proposed  this  problem ;  and,  as  ho  says,'  could  see  no  principle 
which  even  ofiered  an  opening  to  the  solution,  and  had  thus  been  re- 
pelled at  the  threshold.  When,  however,  he  published  his  Horologium. 
Oaeillaiorvam  in  16  VS,  the  fourth  part  of  that  work  was  on  the  Centre 
of  Oscillation  or  Agitation ;  and  the  principle  which  he  then  assumed, 
though  not  so  simple  and  self-evident  as  those  to  which  such  problems 
were  afterwards  referred,  was  perfectly  correct  and  general,  and  led  to 
exact  solutions  in  all  e^es.  The  reader  has  already  seen  repeatedly  in 
the  course  of  this  history,  complex  and  derivative  prindples  presenting 
themselves  to  men's  minds,  before  simple  and  elementary  ones.  The 
"hypothesis"  assumed  by  Huyghens  was  this;  "that  if  any  weights 
are  put  in  motion  by  the  force  of  gravity,  they  cannot  move  so  that 
the  centre  of  gravity  of  them  all  shall  rise  higher  than  the  place  from 
which  it  descended,"  This  being  assumed,  it  is  easy  to  show  that  the 
centre  of  gravity  will,  under  all  circumstances,  rise  as  A»^ A  as  its  ori- 
ginal position ;  and  this  consideration  leads  to  a  determination  of  the 
oscillation  of  a  compound  pendulum.  We  may  observe,  in  the  prin- 
ciple thus  selected,  a  conviction  that,  in  all  mechanical  action,  the  cen- 
tre of  gravity  may  be  taken  as  the  representative  of  the  whole  system. 
This  conviction,  as  we  have  seen,  may  be  traced  in  the  axioms  of 
Archimedes  and  Stevinus;  and  Huyghens,  when  he  proceeds  upon  it, 
undertakes  to  show,'  that  he  assumes  only  this,  that  a  heavy  body 
cannot,  of  itself,  move  upwards. 

•  B.  iii.  Lemma  iii.  to  Frop.  sxxi.i.  '  Mont,  ii,  433. 
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Clear  as  Hujghen's  principle  appeared  to  himself,  it  was,  after  some 
time,  attacked  by  tlia  Abhi  Catelan,  a  zealous  Cartesian,  Catelan 
alao  put  forth  principles  wh'  hh  'iw  'dt^dddeil 

from  Item  conclusions  cent    1    t  rj  t    th         t  H  ygh         H    p 
eiples,  now  that  we  know  thmtohfl        pp       t  y&' 

itous.    They  are  these;  "th  t  mp       1  p     1  1  m  th  f 

the  velocities  of  the  compo      t         ht  q    1  t     th  f  th 

velocities  which  they  would  h  q       dfthyhdb        ithl 

pendulums;"  and  "that  the  tm     t  th      b    t         f        mp      d  p 
dulum  is  an  arithmetic  meb  tht  fthbt  f 

the  weights,  moving  asdthdpdlm  Hjgh  ij 

showed  that  these  suppositions  would  make  the  centre  ot  gravity 
ascend  to  a  greater  height  thaa  that  from  which  it  fell ;  and  after 
some  time,  James  Bernoulli  stept  into  the  arena,  and  ranged  himself 
on  the  side  of  Huyghefla.  As  the  discussion  thus  proceeded,  it  began 
to  be  seen  that  the  question  really  was,  in  what  manner  the  Third 
Law  of  Motion  was  to  bo  extended  to  cases  of  indirect  action ;  whether 
by  distributing  the  action  and  reaction  according  to  statical  principles, 
or  in  some  other  way.  "I  propose  it  to  the  consideration  of  mathe- 
maticians," says  Bernoulli  in  1686,  "what  law  of  the  communication 
of  velocity  is  observed  by  bodies  in  motion,  which  are  sustained  at  one 
extremity  by  a  fixed  fulcrum,  and  at  the  other  by  a  body  also  moving, 
but  more  slowly.  Is  the  excess  of  velocity  which  must  be  communi- 
cated from  the  one  body  to  the  other  to  be  distributed  in  the  same 
proportion  in  which  a  load  supported  on  the  lever  would  be  distrib- 
uted!" He  adds,  that  if  this  question  be  answered  in  the  afiirmatiye, 
Huyghens  will  be  found  to  be  in  error;  but  this  is  a  mistake.  The 
principle,  that  the  action  and  reaction  of  bodies  thus  moving  are  to 
be  distributed  according  to  the  rules  of  the  lever,  is  true ;  but  Ber- 
noulli mistook,  in  estimating  this  action  and  reaction  by  the  velocity 
acquired  at  any  moment;  instead  of  taking,  as  he  should  have  done, 
the  increment  of  velocity  which  gravity  tended  to  impress  in  the  next 
instant.  This  was  shown  by  the  Marquis  de  I'Hopital;  who  adds, 
with  justice,  "I  conceive  that  I  have  thus  fully  answered  the  call  of 
Bernoulli,  when  he  says,  I  propose  it  to  the  consideration  of  raathema- 
Ijcians,  &c." 

We  maj  f  m  th  s  fime,  consider  as  known,  but  not  as  fully  estab- 
l  shed  the  pnnciple  that  "  When  bodies  in  motion  affect  each  other, 
the  act  on  and  leaction  are  distributed  according  to  the  laws  of  Sta- 
ti.a       ilthoiah  tleie  were  still  found  occasional  difficulties  in  tlie 
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generalization  and  application  of  tie  rale.  James  Bernoulli,  in  lV03, 
gave  "a  Oeneral  Demonstration  of  the  Centre  of  Oscillation,  drawn 
from  tlie  nature  of  the  Lever."  In  this  demonstration^  he  lakes  as  a 
fundamental  principle,  that  bodies  m  motion,  coDnected  by  levers, 
balance,  when  the  products  of  their  momenta  and  the  lengths  of  the 
levers  are  equal  in  opposite  directions.  For  the  proof  of  this  proposi- 
tion, he  refers  to  Marriotte,  who  had  averted  it  of  weights  acting  by 
peroussion,'"  and  in  order  to  prove  it,  had  balanced  the  effect  of  a 
weight  on  a  lever  by  the  effect  of  a  jet  of  water,  and  had  confirmed  it 
by  other  experiments."  Moreover,  says  Bernoulli,  there  is  no  one  who 
denies  it.  Still,  this  kind  of  proof  was  hardly  satisfactory  or  elemen- 
tary enough.  John  Bernoulli  took  up  the  subject  after  the  d  th  ot 
his  brother  James,  which  happened  in  1^05.  Tte  forme  publ  h  d 
in  iVli  h3&  Medilalio  de  ITalurA  C'entri  OseUlationis.  In  ti  ma 
he  assumes,  as  his  brother  had  done,  that  the  effects  of  f  a  a 

lever  in  motion  are  distributed  according  to  the  common  1  f  th 
lever.''  The  principal  generalization  which  he  introduced  w  that 
he  conaidered  gravity  as  a  force  soliciting  to  motion,  which  might  have 
different  intensities  in  different  bodies.  At  tJte  same  time.  Brook 
Taylor  in  England  solved  the  problem,  upon  tlie  same  principles  as 
Bernoulli ;  and  the  question  of  priority  on  this  subject  was  one  point 
in  the  angry  interconi'se  which,  about  this  time,  became  common  be- 
tween the  English  mathematicians  and  those  of  the  Continent,  Her- 
mann also,  in  his  Phoronomia,  published  in  17I6,  gave  a  proof  which, 
as  he  informs  us,  he  had  devised  before  ho  saw  John  Bernoulli's,  This 
proof  is  founded  oa  the  statical  equivalence  of  the  "■  solidtaliotis  of 
gravily"  and  the  "vicarious  solicitations" -whick  correspond  to  the 
actual  motion  of  each  part ;  or,  as  it  has  been  expressed  by  more 
modern  writers,  the  equilibrium  of  the  impressed  and  effective  forces. 

It  was  shown  by  John  Bernoulli  and  Hermann,  and  was  indeed 
easily  proved,  that  the  proposition  assumed  by  Huyghens  as  the  foun- 
dation of  his  solution,  was,  in  iact,  a  consequence  of  the  elementary 
principles  which  belong  to  this  branch  of  mechanics.  But  this  as- 
sumption of  Huyghens  was  an  example  of  a  more  general  proposition, 
which  by  some  mathematicians  at  this  time  had  been  put  forward  as 
an  original  and  elementary  law ;  and  as  a  principle  which  ought  to 
supersede  the  usual  measure  of  the  forces  of  bodies  in  motion;  this 
principle  they  called  "  the  Conservation  of  Vis  Viva"     The  attempt  to 

'  Op.  ii.  930.  •"  Choi},  des  Carps,  p.  396. 

"  lb.  Prop.  xi.  •■>  P.  172, 
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make  this  cbange  was  the  commencement  of  one  of  the  most  obstinate 
and  curious  of  tho  controTersies  which  form  part  of  the  history  of 
mechanical  science.  Tte  celebrated  Leibnitz  was  the  author  of  tho 
uew  opinion,  la  1686,  he  published,  in  the  Leipsic  Acts,  "A  short 
Demonstration  of  a  memorable  Error  of  Descartes  and  others,  concern- 
ing the  natural  law  by  which  they  think  that  God  always  preserves 
the  same  quantity  of  motion ;  in  which  they  pervert  mechanics."  The 
principle  that  the  same  quantity  of  motion,  and  therefore  of  moving 
force,  is  always  preserved  in  the  world,  follows  from  the  eqaality  of 
action  and  reaction ;  though  D^cartes  had,  after  his  fashion,  given  a 
theological  reason  for  it ;  Leibnitz  allowed  that  tho  quantity  of  moving 
force  remMUB  always  the  same,  but  denied  that  this  force  is  measured 
by  the  quantity  of  motion  or  momentum.  He  maintained  that  the 
same  force  is  requisite  to  raise  a  weight  of  one  pound  through  four 
ieet,  and  a  weight  of  four  pounds  through  one  foot,  though  tho  mo- 
menta in  this  case  are  as  one  to  two.  This  was  answerod  by  the  Abb6 
de  Conti ;  who  truly  observed,  that  allowing  tho  effects  in  the  two 
cases  to  be  equal,  this  did  not  prove  the  forces  to  be  equal ;  since  the 
effect,  in  the  first  case,  was  produced  in  a  double  time,  and  therefore  it 
was  quite  consistent  to  suppose  the  force  only  half  as  great,  Leibnitz, 
however,  persisted  in  his  innovation;  and  in  1605  laid  down  the  dis- 
tinction between  vires  moriua,  or  pressures,  and  vins  vivce,  tho  name 
he  gave  to  his  own  measure  of  force.  He  kept  up  a  correspondence 
with  John  Bernoulli,  whom  he  converted  to  his  peculiar  opinions  on 
this  subject ;  or  rather,  as  Bernoulli  says,"  made  him  think  for  him- 
self, which  ended  in  his  proving  directly  that  which  Leibnita  had  de- 
fended by  indirect  reasons.  Among  other  arguments,  ho  had  pretended 
to  show  (what  is  certainly  not  true),  that  if  the  common  measure  of 
forces  be  adhered  to,  a  perpetual  motion  would  be  possible,  It  is  easy 
to  collect  many  cases  which  admit  of  being  very  simply  and  conve- 
niently reasoned  upon  by  means  of  the  -vis  viva,  that  is,  by  taking  the 
foi'ce  to  be  proportional  to  the  square  of  the  velocity,  and  not  to  the 
velocity  itself.  Thus,  in  order  to  give  the  arrow  tteice  the  velocity, 
the  bow  must  be  four  times  as  strong ;  and  in  all  cases  in  which  no 
account  is  taken  of  the  time  of  producing  the  effect,  we  may  conve- 
niently use  similar  methods. 

But  it  was  not  till  a  later  period  that  the  question  excited  any 
general  notice.     The  Academy  of  Sciences  of  Paris  in  1724  proposed 
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as  a  subject  for  their  prize  dissertation  the  laws  of  the  impact  of  bodies. 
Berooulh',  as  a  competitor,  wrote  a  treatise,  upon  Leibnitainn  principles, 
which,  though  not  honored  with  tke  prize,  was  piinted  by  the  Academy 
with  commendation."  The  opinions  which  he  here  defended  and 
illustrated  were  adopted  by  several  matheraaticians ;  the  controversy 
extended  from  the  mathematical  to  the  literary  world,  at  that  time 
more  attentive  than  usual  to  mathematical  disputes,  in  consequence  of 
the  gzeat  struggle  then  going  on  between  tlie  Cartesian  and  the  New- 
tonian system.  It  was,  howevei^  obyious  tiat  by  this  time  tie  interest 
of  the  question,  so  far  as  the  progress  of  Dynamics  was  concerned,  was 
at  an  end ;  for  the  combatants  all  agreed  as  to  the  results  in  each  par- 
ticular case.  The  Laws  of  Motion  were  now  established;  and  tlie 
question  was,  by  means  of  what  definitions  and  abstractions  could  they 
be  best  expressed ; — a  metaphysical,  not  a  physical  discussion,  and 
therefore  one  in  which  "  the  paper  philosophers,"  as  Galileo  called 
them,  could  bear  a  part.  In  the  first  volume  of  the  Transactions  of 
Che  Academy/  of  Si.  Petersburg,  published  in  1728,  thei'c  are  three 
Leibnitzian  memoirs  by  Hermann,  BuUfinger,  and  Wolff.  In  England, 
Clarke  Wds  an  angry  assailant  of  the  German  opinion,  which  S'Grave- 
sande  mamtamed  In  France,  Mairan  attacked  the  vis  -eiva  in  1128  ; 
"  with  stiong  and  victorious  reasons,"  as  the  Marquise  du  Chatelet 
declared,  m  the  first  edition  of  her  Treatise  on  Fire."  But  shortly 
after  this  praise  was  published,  the  Chateau  de  Cirey,  where  the 
Marquise  usually  lived,  became  a  school  of  Leibnitzian  o 
the  resort  of  the  principal  partisans  of  the  vis  viva.  "  Soon," 
Mairan,  "  their  language  was  changed ;  the  vis  viva  was  enthroned  by 
the  side  of  the  monada."  The  Marquise  tried  to  retract  or  explain 
away  her  praises ;  she  urged  arguments  on  the  other  side.  Still  the 
question  was  not  decided ;  even  hei'  friend  Voltaire  was  not  converted. 
In  1741  he  read  a  memoir  On  the  Measure  and  Nature  of  Moving 
Forces,.'m  which  he  maintained  the  old  opinion.  Finally,  D'Alembert 
in  1743  declared  it  to  be,  as  it  truly  was,  a  mere  question  of  words; 
and  by  the  turn  which  Dynamics  then  took,  it  ceased  to  be  of  any 
possible  interest  or  importance  to  mathematicians. 

The  representation  of  the  laws  of  motion  and  of  the  reasonings 
depending  on  them,  in  the  most  geaeral  form,  by  means  of  analytical 
language,  cannot  be  said  to  have  been  fully  achieved  IJl!  the  time  of 
D'Alembert ;  but  as  we  have  already  seen,  the  discovery  of  these  laws 

"  DissBurs  sar  Us  Lo'tx  de  la  Qimmanicalioa  da  Mouwneni.      "  Mont,  iU.  640. 
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had  t  L      f  1  m     hat  earlier;  and  t!iat  law  whicli  is  more  par- 

t  1  ly  p  d  DAlembert's  Frineiple  {the  egualiii/  of  Ike 
actton  ffa  d  and  I  )  w  s,  it  has  been  seen,  rather  led  to  by  the 
g  a    al      rr  nt    t  th  ning  of  mathematicians  about  the  end  of 

the  nte  nth        t    J    than  discovered   by  any  vin-.     Huyghens, 

Marriotfe,  the  two  BernouUis,  L'H&pital,  Taylor,  and  Hermann,  have 
each  of  them  their  name  in  the  history  of  this  advance ;  but  wc  cannot 
ascribe  to  any  of  them  any  great  real  inductive  sagacity  shown  in  what 
they  thus  contributed,  except  to  Huyghens,  who  first  seized  the  piin- 
ciple  ia  surli  a  foim  as,  to  find  the  centre  of  oscillation  by  means  of  it. 
Indeed,  in  tho  steps  taken  by  the  others,  langaage  itself  had  almost 
made  the  gcneializ,ition  foi  them  at  tlie  time  when  they  wrote ;  and  it 
required  no  small  degree  of  acuteness  and  care  to  distinguish  the  old 
cases,  in  which  the  Hw  had  already  been  applied,  from  the  new  cases, 
in  which  they  had  to  apply  it. 


CHAKTEE  VI. 


Sbqubl  to  the  Generai-ikation  of  thb  Pmhciples  of  Mechanics. — 
Period  of  Mathematical  Dedi:otion. — Analytical  Mbchanicb. 

VE  have  now  finished  the  history  of  the  discovery  of  Mechanical 
Principles,  strictly  so  called.  The  three  Laws  of  Motion,  gen- 
eraliaed  in  tho  manner  we  have  described,  contain  the  materials  of  the 
whole  structure  of  Mechanics ;  and  in.  the  remaining  progress  of  the 
science,  we  are  led  to  no  new  truth  which  was  not  implicitly  involved 
in  those  previously  known.  It  may  be  thought,  therefore,  that  the 
narrative  of  this  progress  is  of  comparatively  small  interest.  Nor  do 
we  maintain  that  the  application  and  development  of  principles  is  a 
matter  of  so  much  importance  to  the  philosophy  of  science,  as  the 
advance  towards  and  to  them.  Still,  there  are  many  circumstances  in 
the  latter  stages  of  the  progress  of  the  science  of  Mechanics,  which 
well  deserve  notice,  and  make  a  rapid  survey  of  that  part  of  its  history 
indispensable  to  our  purpose. 

The  Laws  of  Motion  are  expressed  in  terms  of  Space  and  Number ; 
the  development  of  the  consequences  of  these  laws  must,  therefore,  be 
performed  by  means  of  the  reasonings  of  mathematics ;  and  the  science 


Ho.ted  by  Google 


SEQUEL  TO  THE   GENERALIZATION.  363 

of  Mechanics  may  assume  the  various  aspects  which  belong  to  the 
different  modes  of  deahng  with  mathematical  quantities.  Mechanics, 
like  pure  mathematics,  may  bo  geometrical  or  may  be  analytical;  that 
is,  it  may  treat  space  either  by  a  direct  consideration  of  its  properties, 
or  by  a  Bjmbolical  representation  of  them :  Mechanics,  like  pure 
mathematics,  may  proceed  from  special  cases,  to  problems  and  methods 
of  extreme  generality ; — may  summon,  to  its  aid  the  curious  and  refined 
relations  of  symmetry,  by  which  general  and  complex  conditions  ai'e 
simplified; — may  become  more  powerful  by  the  discovery  of  more 
powerful  analytical  artifices ;— may  even  have  the  generality  of  its 
principles  further  expanded,  inasmuch  as  symbols  aie  a  more  general 
language  than  words.  We  shall  very  briefly  notice  a  series  of  mod- 
ifications of  this  kind. 

1.  Geometrical  Mechanics,  Newton,  (fie— The  first  great  systematical 
Treatise  on  Mechanics,  in  the  most  general  sense,  is  the  two  first  Books 
of  the  Principia  of  Newton.  In  this  work,  the  method  employed  is 
predominantly  geometrical ;  not  only  space  is  not  represented  symbol- 
ically, or  by  reference  to  number ;  but  numbers,  as,  for  instanr  e,  those 
which  measure  time  and  force,  are  represented  by  spaces ,  and  the 
laws  of  their  changes  are  indicated  by  the  properties  of  cuive  Imes  It 
is  well  known  that  Noivton  employed,  by  preference,  methods  of  thjs 
kind  in  the  exposition  of  his  theorems,  even  where  he  had  made  the 
discovery  of  them  by  analytical  calculations.  The  intuitions  vt  space 
appeared  to  him,  as  they  have  appeared  to  many  of  his  followers,  to 
be  a  more  clear  and  satisfactory  road  to  knowledge,  than  the  operations 
of  symbolical  language.  Hermann,  whoso  Fhoronomia  was  the  next 
great  work  on  this  subject,  pursued  a  like  course;  employing  curves, 
■which  he  calls  "the  scale  of  velocities,"  "of  forces,"  &c  Methods 
nearly  similar  were  employed  by  the  two  first  Bernoulli'!,  and  other 
mathematicians  of  that  period ;  and  were,  indeed,  so  long  lamihai,  that 
the  influence  of  them  may  still  be  traced  in  some  of  the  teims  which 
are  used  on  such  subjects;  as,  for  instance,  when  we  talk  of  "  reducing 
a  problem  to  quadratures,"  that  is,  to  the  flnding  the  area  of  the  curves 
employed  in  these  methods. 

2.  Analytical  Mechanics.  EuUr. — As  analysis  was  more  cultivated, 
it  gained  a  predominancy  over  geometry ;  being  found  to  be  a  far 
more  powerful  instrument  for  obtainiijg  results ;  and  possessing  a 
beauty  and  an  evidence,  which,  though  different  from  those  of  geom- 
etry, had  great  attractions  for  minds  to  which  they  became  familiar. 
The  person  who  did  most  to  give  to  analysis  the  generality  and  sym- 
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iiietry  whicli  ai'e  now  its  pride,  was  also  tlie  person  who  mado  Mechanics 
analytical ;  I  mean  Euler,  lie  began  Lis  execution  of  this  task  in 
various  memoirs  which  appeared  ja  the  Transactions  of  the  Academy 
of  Sciences  at  St.  Fetersburi/,  commencing  with  its  earliest  volumes ; 
and  in  1736,  he  puhlished  there  his  Mechanics,  or  the  Science  of  Motion 
analyticaUy  expounded ;  in  the  way  of  a  Supplement  to  the  Trans- 
Mtiona  of  the  Imperial  Academy  of  Sciences.  In  the  preface  to  this 
work,  he  says,  that  though  tte  solutions  of  problems  by  I^fewtoii  and 
Hennami  were  quite  satisfactory,  yet  he  found  that  he  had  a  difRculty 
in  applying  them  to  new  problems,  differing  little  from  theirs ;  and 
that,  therefore,  he  thought  it  would  be  useful  to  extract  an  analysis 
out  of  their  synthesis. 

3.  Mechanical  Problems. — In  reality,  however,  Euler  has  done  much 
more  than  merely  give  analytical  methods,  which  may  be  applied  to 
mechanical  problems :  he  has  himself  applied  such  methods  to  an 
immense  number  of  cases.  His  transcendent  mathematical  powers, 
his  long  and  studious  life,  and  the  interest  with  which  he  pursued  the 
subject,  led  him  to  solve  an  almost  inconceivable  number  and  variety 
of  mechanical  problems.  Such  problems  suggested  themselves  to  him 
on  all  occasions.  One  of  his  momoirB  begins,  by  stating  that,  happen- 
ing to  think  of  the  line  of  Virgil, 

Anctora  do  proii  jaoitur  atant  litora  puppea  ; 
The  anchor  drops,  t!ie  rnshing  keel  a  etaid  ; 

he  could  not  help  inquiring  what  would  be  the  nature  of  the  ship's 
motion  under  the  circumstanoos  here  described.  And  in  the  last  few 
days  o£  his  life,  after  his  mortal  illness  had  begun,  having  seen  in  the 
newspapers  some  statements  respecting  balloons,  he  proceeded  to  cal- 
culate their  motions ;  and  performed  a  difficult  integration,  in  which 
this  nndertaking  engaged  him.  His  Memoirs  occupy  a  very  large 
portion  of  the  Metropolitan  Transactions  during  his  life,  from  1728  to 
1783  ;  and  he  declared  that  he  should  leave  papers  which  might  en- 
rich the  publications  of  the  Academy  of  Petersburg  for  twenty  years 
after  his  death; — a  promise  which  has  been  more  than  fulfilled  ;  for, 
up  to  1818,  the  volumes  usually  contain  several  Memoirs  of  his.  Ho 
and  his  contemporaries  may  be  said  to  have  exhausted  the  subject; 
for  there  are  few  mechanical  problems  which  have  been  since  treated, 
which  they  have  not  in  some  manner  touched  upon. 

I  do  not  dwell  upon  the  details  of  such  problems ;  for  the  next  great 
step  in  Analytical  Mechanics,  the  publication  of  D'Alembert's  Prin- 
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ciplo  ill  1743,  la  a  great  degiee  biippraeded  thmr  interest  The 
Transactions  ot  theAiidemica  ot  Pins  and  Beilin,  -is  iiell  as  St 
Petersburg,  are  filled,  up  to  this  time,  with  various  questions  of  this 
kind.  They  re^uiio,  ior  the  moat  part,  the  deieimiiiation  ot  the  mo- 
tions of  several  bodies,  with  or  without  weight,  which  pull  oi  push 
each  other  by  meaus  of  thread's,  or  leveis  to  which  thej  iie  fastened, 
or  along  which  they  cin  slide  ,  and  ivhioh,  having  a  cert-iin  impulse 
given  them  at  fiist,  are  then  left  to  ttemsehts,  oi  aic  Lompelled  to 
move  in  given  lines  and  surf  ices  Thp  pustulate  ot  Huyghens,  respect 
ing  the  motion  ot  the  ccntie  of  gra^itj,  was  generally  one  of  the 
principles  of  the  solution  but  tther  principles  weie  alwiya  needed  in 
addition  to  this ,  and  it  required  the  e\erc,ise  of  ingenuitj  and  skill  to 
detect  the  most  suitable  m  each  cise  "such  pioblems  weie,  foi  some 
time,  a  sort  of  trial  of  strength  ^mnllg  mathematicians  the  pimciple 
of  D'Alemhert  put  an  end  to  this  tind  of  challenges,  by  suppljing  a 
direct  and  general  method  of  resolving,  or  at  least  of  throwing  into 
equations,  any  ima^nablo  problem.  The  mechanical  difficulties  were 
in  this  way  reduced  to  difficulties  of  pure  mathematics. 

4.  D'AlemherCs  Principle. — D'Alembert's  Principle  is  only  tlie  ex- 
pression, in  the  most  general  form,  of  the  principle  upon  which  John 
Bernoulli,  Hermann,  and  others,  had  solved  the  problem  of  the  centre 
of  oscillation.  It  was  thus  stated,  "  The  motion  impressed  on  each  par- 
ticle of  any  system  by  the  forces  which  act  upon  it,  may  be  resolved  into 
two,  the  effective  motion,  and  the  motion  gained  or  lost :  the  effective 
motions  will  be  the  real  motions  of  the  parts,  and  the  motions  gained 
and  lost  will  be  such  as  would  keep  the  system  at  rest."  The  distinc- 
tion of  statics,  the  doctrine  of  equilibrium,  and  dynamics,  the  doctrine 
of  motion,  was,  as  we  have  seen,  fundamental ;  and  the  difierenoe  of 
difficulty  and  complexity  in  the  two  subjects  was  well  understood,  and 
generally  recognized  by  mathematicians.  D'Alembert's  principle  re- 
duces every  dynamical  question  to  a  statical  one ;  and  hence,  by  means 
of  the  conditions  which  connect  the  possible  motions  of  the  system, 
we  can  determine  what  the  actual  motions  must  be.  The  difBculty  of 
determining  the  laws  of  equilibrium,  in  the  application  of  this  prin- 
ciple in  complex  cases  is,  however,  often  as  great  as  if  we  apply  more 
simple  and  direct  considerations. 

5.  Motion  in  Eesisting  Media.  Ballistics. — We  shall  notice  more 
parlJcularly  the  history  of  some  of  lie  problems  of  mechanics.  Though 
John  Bernoulli  always  spoke  with  admiration  of  Newton's  Principia, 
and  of  its  author,  he  appeal's  to  have  been  well  disposed  to  point  out 
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real  or  imagined  blemislies  in  the  work.  Against  the  validity  of 
Newton's  determination  of  tlie  path  described  by  a  body  projected  in 
any  part  of  the  solar  system,  Bernoulli  urges  a  cavil  which  it  is 
difficult  to  conceive  that  a  mathematician,  such  as  he  was,  could  seri- 
ously believe  to  be  well  founded.  On  Newton's  determi nation,  of  the 
path  of  a  body  in  a  resisting  medium,  his  criticism  is  more  just.  He 
pointed  out  a  material  en'or  in  this  solution :  this  correction  came  to 
Newton's  knowledge  in  London,  in  October,  1112,  when  the  impres- 
sion of  the  second  edition  of  the  PrimcipJa  was  just  drawing  to  a 
close,  under  the  care  of  Cotes  at  Cambridge ;  and  Newton  immedi- 
ately cancelled  the  leaf  and  corrected  the  error.' 

This  problem  of  the  motion  of  a  body  in  a  resisting  medium,  led  to 
another  collision  between  the  English  and  the  German  mathematicians. 
The  proposition  to  which  we  have  referred,  gave  only  an  indirect  view 
of  the  nature  of  the  curve  described  by  a  projectile  in  the  air ;  and  it  is 
probable  that  Newton,  when  he  wrote  the  Prindjtkt,  did  not  see  his  way 
to  any  direct  and  complete  solution  of  this  problem.  At  a  later  period, 
inl7l8,  when  the  quarrel  had  waxed  hot  between  the  admirers  of  New- 
ton and  Leibnite,  Keill,  who  had  come  forward  as  a  champion  on  the 
English  side,  proposed  this  problem  to  the  foreigners  as  a  challenge. 
Keill  probably  imagined  that  what  Newton  had  not  discovered,  no  one 
of  his  time  would  be  able  to  discover.  But  the  sedulous  cultivation 
of  analysis  by  the  Germans  had  given  them  mathematical  powers 
beyond  the  expectations  of  the  English ;  who,  whatever  might  be 
their  talents,  had  made  little  advance  in  the  effective  use  of  general 
methods;  and  for  a  long  period  seemed  to  be  fascinated  to  the  spot, 
in  their  admiration  of  Newton's  excellence.  Bernoulli  speedily  solved 
the  problem ;  and  reasonably  enough,  according  to  the  law  of  honor 
of  sHch  challenges,  called  upon  the  challenger  to  produce  his  solution. 
Keill  was  unable  to  do  this ;  and  after  some  attempts  at  procrastina- 
tion, was  driven  to  very  paltry  evasions.  Bernoulli  then  published  his 
solution,  with  very  just  expressions  of  scorn  towards  his  antagonist. 
And  this  may,  perhaps,  be  considered  as  the  first  material  addition 
which  was  made  to  the  Principia  by  subsequent  writers. 

6.  ConsUllaiion  of  Mathematiciatis. —  We  pass  with  admiration 
along  the  great  series  of  mathematicians,  by  whom  the  science  of 
theoretical  mechanics  has  been  cultivated,  from  the  time  of  Newton 
to  our  own.     There  is  no  group  of  men  of  science  whose  fame  is 

'  MS.  Correspondeuoe  in  Trin.  Coll.  Library. 
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higher  or  brightei'.  The  great  discoveries  of  Copernicus,  Galileo, 
Newton,  had  fixed  all  eyes  on  those  portions  of  human  knowledge  on 
which  their  successors  employed  tlieir  labors.  The  certainty  belong- 
ing to  this  line  of  speculation  seemed  to  elevate  mathematicians  above 
the  students  of  other  subjects;  and  the  teauty  of  mathematical  rela- 
tions, and  tiie  subtlety  of  intellect  which  may  be  skown  in  dealing 
with  them,  were  fitted  U>  win  unbounded  applause.  The  successors  of 
Newton  and  the  Bernoallis,  as  Euler,  Clairaut,  D'Alembert,  Lagrange, 
Laplace,  not  to  introduce  living  names,  have  been  some  of  the  most 
remarkable  men  of  talent  which  the  world  has  seen.  That  their  talent 
is,  for  the  most  pai't,  of  a  difierent  kind  from  that  by  which  the  laws 
of  natm'e  were  discovered,  I  shall  have  occasion  to  explain  elsewhere ; 
for  the  present,  I  must  endeavor  to  arrange  the  principal  achievements 
of  those  whom  I  have  mentioned. 

The  series  of  persons  is  connected  by  social  relations,  Euler  was  the 
pupil  of  the  first  generation  of  Bemoullis,  and  the  intimate  friend  of 
the  second  generation ;  and  all  these  extraordinary  men,  as  well  as 
Hermann,  were  of  the  city  of  Basil,  in  that  age  a  spot  fertile  of  great 
mathematicians  to  an  unparalleled  degree.  In  1 740,  Clairaut  and  Mau- 
pertuis  visited  John  Bernoulli,  at  that  time  the  Nestor  of  mathemati- 
cians, who  died,  full  of  age  and  honors,  in  1'748.  Euler,  seveial  of  the 
Bernoullis,  Maupertuis,  Lagrange,  among  other  mathematicians  of 
smaller  note,  were  called  into  the  north  by  Catharme  of  Eussia  and 
Frederic  of  Prussia,  to  inspire  and  instruct  academies  which  the  bril- 
liant fame  then  attached  to  science,  had  induced  those  munirchs  to 
establish.  The  prizes  proposed  by  these  societies,  and  h-)  the  French 
Academy  of  Sciences,  gave  occasion  to  many  of  the  most  valuable  ma- 
thematical works  of  the  century. 

7.  The  Problem  of  Three  £odies.~-ln  1747,  Clairaut  and  D'Alem- 
bert sent,  on  the  same  day,  to  this  body,  their  solutions  of  the  celebrated 
"  Problem  of  Three  Bodies,"  which,  from  that  time,  became  the  great 
object  of  attention  of  mathematicians ;— the  bow  in  which  each  tried 
his  strength,  and  endeavored  to  shoot  further  than  his  predecessors. 

This  problem  was,  in  fact,  the  astronomical  question  of  the  efiect 
produced  bj  the  attraction  of  the  sun,  in  disturbing  the  motions  of  the 
moon  about  the  earth ;  or  by  the  attraction  of  one  planet,  disturbing 
the  motion  of  another  planet  about  the  sua ;  but  being  expressed  gen- 
erally, as  referring  to  one  body  which  disturbs  any  two  others,  it 
became  a  mechanical  problem,  and  the  history  of  it  belongs  to  the 
present  subject. 
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One  consequence  of  the  synthetical  form  adopted  by  Newlon  in  the 
Prineipia,  was,  that  his  snccesaoTs  had  the  problem  of  the  solar  sys- 
tena  to  begin  entirely  aneiv.  Those  who  would  not  do  this,  made  no 
progress,  aa  was  long  the  case  with  the  English.  CSaiiaut  says,  that  he 
tried  for  a  long  time  to  make  some  use  of  Newton's  labors ;  but  that, 
at  last,  he  resolved  to  take  up  the  subject  in  an  independent  mannei'. 
This,  accordingly,  he  did,  using  analysis  throughout,  and  following 
methods  not  much  different  from  those  still  employed.  We  do  not 
now  speak  of  the  comparison  of  this  theory  with  observation,  except  to 
remark,  that  both  by  the  agreements  and  by  the  discrepancies  of  this 
eomparison,  Clairaut  and  other  writers  were  perpetually  driven  on  to 
carry  forwards  the  calculation  to  a  greater  and  greater  degree  of  ac- 
curacy. 

One  of  the  most  important  of  the  cases  in  which  this  happened,  was 
that  of  the  movement  of  the  Apogee  of  the  Moon  ;  and  in  this  case,  a 
mode  of  approximating  to  the  truth,  which  had  been  depended  on  as 
nearly  exact,  was,  after  having  caused  great  perplexity,  found  by  Clairaut 
and  Enler  to  give  only  half  the  truth.  This  same  Problem  of  Three 
Bodies  was  the  occasion  of  a  memoir  of  Clairaut,  which  gained  the 
prize  of  the  Academy  of  St.  Petereburg  in  1751 ;  and,  finally,  of  his 
Tkeoriede  la  Litne,  published  in  1765.  D'Alembert  labored  at  the 
same  time  on  the  same  problem ;  and  the  value  of  their  methods,  and 
the  merit  of  tho  inventors,  unhappily  became  a  subject  of  controversy 
between  those  two  great  mathematicians.  Euler  also,  in  1753,  pub- 
lished a  Theory  of  the  Moon,  which  was,  perhaps,  more  useftil  than 
either  of  the  others,  since  it  was  afterwards  the  basis  of  Mayer's  method^ 
anlofV  T  bl  It  is  diffieulttogivethe  geneial  readei  anydistim  t 
n  n  f  e  utions.  We  may  observe,  that  the  quantities  which 
d  rm  n  h  n  a'a  position,  are  to  be  deteimined  by  means  of  cer 
ta  n  a  g  b  nations,  which  express  the  mechanioil  conditions  ot 

th  m  n  Th  operation,  by  which  tho  result  u,  to  be  obtained,  m 
V     es    h    p  of  integration  ;  which,  m  this  instance,  cannot  be 

performed  m  an  immediate  and  definite  manner ,  since  ihc  quantities 
thus  to  be  operated  on  depend  upon  the  moon's  position,  and  thus  le 
quire  us  to  know  the  very  thing  whiLh  ne  hive  to  determine  by  the 
operation.  The  result  must  be  got  at,  therefore,  by  successive  approx- 
iraatiocs :  we  must  first  find  a  quantity  near  the  truth  ;  and  then,  by 
the  help  of  this,  one  nearer  still ;  and  so  on ;  and,  in  this  manner,  the 
moon's  place  will  be  given  by  a  converging  series  of  terms.  The  form 
of  these  terms  depends  upon  the  relations  of  position  between  the  sun 
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and  moon,  their  apogees,  tte  moon's  nodes,  and  other  quantities ;  and 
by  the  variety  of  combinations  of  which  these  admit,  the  terms  become 
very  nnmorous  anil  complex.  The  magnitude  of  the  terms  depends 
also  apon  various  circumstances ;  as  the  relative  force  of  the  sun  and 
earth,  the  relative  times  of  the  solar  and  iimar  revolutions,  the  eccen- 
tricities and  inclinations  of  the  two  orbits.  These  are  combined  so  as 
to  give  terms  of  different  orders  of  magnitudes  ;  and  it  depends  iipon 
the  skill  and  perseverance  of  tie  mathematician  how  far  he  will  con- 
tinue this  scries  of  terms.  For  there  is  no  limit  to  their  number :  and 
though  the  methods  of  which  we  have  spoken  do  theoretically  enable 
us  to  calculate  as  many  terms  as  we  please,  the  labor  and  the  complex- 
ity of  tbe  operations  are  so  serions  that  common  calculators  are  stopped 
by  them.  None  but  very  great  mathematicians  have  been  able  to  walk 
safely  any  considerable  distance  into  ibis  avenue, — so  rapidly  does  it 
darken  as  we  proceed.  And  evpn  the  possibility  of  doing  what  has 
been  done,  depends  upon  what  we  may  call  accidental  cireumstanoes ; 
the  smallness  of  the  inclinations  and  eccentricities  of  the  system,  and 
the  like.  "  If  nature  had  not  favored  ns  in  this  way,"  Lagrange  used  to 
say,  "  there  would  have  been  an  end  of  the  geometers  in  this  problem." 
The  expected  return  of  the  comet  of  1682  in  1759,  gave  a  new  interest 
to  tlie  problem,  and  Clairaut  proceeded  to  calculate  the  case  which  was 
thus  suggested.  Wben  this  was  ti-eated  by  the  methods  which  had  suc- 
ceeded for  the  moon,  it  offered  no  prospect  of  success,  in  consequence 
of  the  absence  of  the  favorable  circumstances  just  referred  to,  and, 
accordingly,  Clairaut,  after  obtaining  the  six  equations  to  which  be  re- 
duces the  solution,'  adds,  "  Integrate  them  who  can"  (IntSgre  main- 
tenant  qui  pourra).  New  methods  of  approximation  were  devised  for 
this  case. 

The  problem  of  three  bodies  was  not  prosecuted  in  consequence  of 
its  analytical  beauty,  or  its  intrinsic  attraction ;  but  its  groat  difficul- 
ties were  thus  resolutely  combated  from  necessity ;  because  in  no  other 
way  could  the  theory  of  universal  gravitation  be  known  to  be  true  or 
made  to  be  useful.  The  construction  of  Tables  of  ike  Moon,  an 
object  which  offered  a  large  pecuniary  reward,  as  well  as  mathemat- 
ical glory,  to  the  successful  adventurer,  was  the  main  purpose  of  these 
labors. 

The  Theory  of  the  Planets  presented  the  Problem  of  Three  Bodies 
in  a  new  form,  and  involved  in  peculiar  difBculties ;  for  the  approxima- 

"  Jom^al  des  Sfavaas,  Aug.  1759. 
Vol.  I.— 24 


Ho.ted  by  Google 


370  HISTORY   OP  MECHANICS. 

tions  which  succeed  in  the  Lunar  Theory  fail  here.  Arti9.ces  somewhat 
modiflod  are  required  to  overcome  the  difficulties  of  this  case. 

Euler  had  iiivestigaled,  in  particular,  tie  motions  of  Jupiter  and 
Saturn,  in  which  there  was  a  secular  acceleration  and  retardation, 
known  hy  observation,  but  not  easily  explicable  by  theory.  Euler's 
memoirs,  which  gained  the  prize  of  the  French  Academy,  in  1748  and 
1V52,  contsinod  much  beautiful  analysis ;  and  Lagrange  published  also 
a  theory  of  Jupiter  and  Saturn,  in  which  he  obtained  results  different 
from  those  of  Euler.  Laplace,  in  1787,  showed  that  this  inequality 
arose  from  the  circumstance  that  two  of  Saturn's  years  are  very  nearly 
equal  to  five  of  Jupiter's. 

The  problems  relating  to  Jupiter's  Satellites,  were  found  to  be  even 
more  complex  than  those  which  refer  to  the  planets :  for  it  was  neces- 
sary to  consider  each  satellitfi  as  disturbed  by  the  other  three  at  once ; 
and  thus  there  occurred  the  Problem  of  Five  Bodies.  This  problem 
was  resolved  by  Lagrange.' 

Again,  the  newly-discovered  small  Planets,  Juno,  Ceres,  Vesta, 
Pallas,  whose  orbits  almost  coincide  with  each  other,  and  are  more  in- 
clined and  more  eccentric  than  those  of  the  ancient  planets,  give  rise, 
by  their  pertm'bations,  to  new  forms  of  tho  problem,  and  require  new 
artifioes. 

In  the  course  of  these  researches  respecting  Jupiter,  Lagrange  and 
Laplace  were  led  to  coaiBider  particularly  the  secular  Inequalities  of 
the  solar  system ;  that  is,  those  inequalities  in  which  the  duration  of 
the  cycle  of  change  embraces  very  many  revolutions  of  the  bodies 
themselves.  Euler  in  1749  and  1755,  and  Lagrange'  in  1766,  had 
introduced  the  method  of  the  Variation  of  the  SHements  of  the  orbit; 
which  consists  in  tracing  the  effect  of  the  pertnrbing  forces,  not  as 
directly  altering  the  place  of  the  planet,  but  as  producing  a  change 
from  one  instant  to  another,  in  the  dimensions  and  position  of  the  El- 
liptical orbit  which  the  planet  describes.'     Taking  this  view,  he  deter- 

s  Bmlly,  Aat.  Mod.  Hi.  173.  '  Gantier,  J>mh.  de  IVom  Oorpi,  p.  155. 

0.  In  the  flret  edition  of  this  History,  I  had  ssoribcd  to  Lagracgo  the  iavenljon  of 
the  Method  of  Variation,  of  Elements  in  the  theory  of  PerturbstJonB.  But  justice  to 
Eulei  reguJTes  that  we  should  assign  this  dialinoljon  to  him ;  at  least,  next  to  Neir- 
ton,  wlioso  mode  of  represeating  tho  patlis  of  bodies  by  means  of  a  Eeaohing  Orbit, 
in  the  Kiath  Seotion  of  tlia  Prinsi^ia,  may  he  oonaidered  as  an  actloipation  of  tha 
method  of  variation  of  eloaieiita.  lii  the  fifth  voluma  of  the  Jfiamis"*  i^e&>te,livre 
IV.  p.  305,  is  an  abstract  of  Euler's  paper  of  lTi9  ;  where  Laplace  adds,  "  C'eet  le 
premier  essai  de  la  m^thode  do  lo  variation  des  constantaa  arbitraiceE."  And  in 
page  SIO  is  an  abstract  of  tho  paper  of  1?56 :  and  apeaMng  of  the  method,  Laplace 
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mines  the  secular  changes  of  each  of  the  elements  or  determining  quan- 
tities of  the  orbit.  lu  I'JiS,  Laplace  also  attacked  this  subject  of 
secular  changes,  and  obt.  n  d     p  n   f     th  m.    On  this  occasion, 

he  proved  the  celebrat  d  p  p  t  n  th  t  the  mean  motions  of  the 
planets  are  invariable :    that       that  th  a  the  revolutions  of  the 

system,  no  progressive  ban  wb  b  n  t  Jmally  stopped  and  re- 
versed ;  no  increase,  wh  h  n  t  af t  som  j  iod,  changed  into  de- 
crease ;  no  retardation  wh  h  n  t  at  la  t  u  eded  by  acceleration ; 
although,  in  some  cases,  millioBs  of  years  may  elapse  before  the  system 
reaches  the  turning-point.  Thomas  Simpson  noticed  the  same  conse- 
quence of  the  laws  of  universal  attraction,  In  iTli  and  1776,  La- 
grange' still  labored  at  the  secular  equations;  extending  his  researches 
to  the  nodes  and  inclinations ;  and  showed  that  the  invariability  of  the 
mean  motions  of  the  planets,  which  Laplace  had  proved,  neglecting 
the  fourth  powers  of  tbe  eccentricities  and  inclinations  of  the  orbits,' 
was  true,  however  far  the  approximation  was  carried,  so  long  as  the 
squares  of  the  disturbing  masses  were  neglected.  He  afterwards  im- 
proved his  methods  ;'  and,  in  1783,  he  endeavored  to  extend  the  calcu- 
lation of  the  changes  of  the  elements  to  the  periodical  equations,  as 
well  as  the  secular. 

8.  Micanique  C&lesie,  i&c. — Laplace  also  resumed  tlie  consideration 
of  the  secular  changes;  and,  finally,  undertook  kis  vast  work,  the 
Mecanique  Celeste,  which  he  intended  to  contain  a  complete  view  of 
the  existing  state  of  this  splendid  department  of  science.  "We  may  see, 
in  the  exultation  which  the  author  obviously  feels  at  tie  thought  of 
erecting  this  monument  of  bis  age,  the  enthusiasm  which  had  been  ex- 
cited by  the  splendid  course  of  mathematical  successes  of  which  I  have 
given  a  sketch.  The  two  first  volumes  of  this  great  work  appeared  in 
1799.  The  third  and  fourth  volumes  were  published  in  1803  and 
1805  respectively.  Since  its  publication,  littie  has  been  added  to  the 
solution  of  the  great  problems  of  which  it  treats.  In  180S,  Laplace 
presented  to  tlie  French  Bureau  des  Longitudes,  a  Supplement  to  the 
e  GUeste ;  the  object  of  which  was  to  improve  still  further 


Bays,  "It  consiata  in  regM'ding  tlis  eleraenla  of  tlie  elliptioal  motion  as  variable  in 
virtue  of  the  poctntbing  forces.  Those  elamentB  are,  1,  tlie  axis  major;  B,theopooli 
of  the  body  being  at  Uia  apao  ;  S,  the  eeoentrioity ;  i,  tlio  movement  of  the  apae ; 
6,  the  inclination;  6,  the  longitude  of  the  node;"  and  he  then  proeoGda  to  Bbow 
liow  Eviler  did  this.  It  is  poasible  that  Lagrange  know  notliing  of  Enler'a  paper. 
See  Mic.  Cel.  vol.  v.  p.  313.  But  Enlcr'a  conocptjon  and  treatment  of  the  melliod 
ore  complete,  bo  tliat  ho  muat  be  looked  upon  aa  the  author  of  it. 
«  Gautier,  p.  104.  '  lb,  p,  184,  "  !b  p,  1B6. 
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the  mode  of  obtaining  the  secular  variations  of  the  elemonls.  Poissoii 
aud  Lagrange  proved  the  invariability  of  the  major  axes  of  the  orbits, 
as  far  as  the  second  order  of  the  perturbing  forces.  Varioua  other 
authors  have  since  labored  at  this  subject.  Bnrckhardt,  in  1808,  ex- 
tended the  perturbing  function  as  far  as  the  sixth  order  of  the  ecceu- 
tricitjes.  Gauss,  Hansen,  and  !Bessel,  Ivory,  MM.  Lubbock,  Plana, 
PontScoulant,  and  Airy,  have,  at  different  periods  up  to  the  present 
time,  either  extended  or  illustrated  some  particular  part  of  the  theory, 
or  applied  't  to  spee'al  cases  as  '  tl  e  'n  tance  of  Professor  Airy's 
calculatio  of  an  neq  al  tv  of  ^  enus  and  the  earth,  of  which  the  period 
is  240  year  The  ajproxniton  of  tl  e  Moon's  motions  has  been 
pushed  to  an  1  n  at  n  red  ble  extent  by  M,  Damoiseau,  and,  iinally. 
Plana  has  on  e  nore  attempted  to  p  esent,  in  a  single  work  {three 
thick  qua  t  ol  me  }  all  that  has  h  therto  been  executed  with  regard 
to  the  theoiy  ol  the  Moon. 

I  give  only  the  leading  points  of  the  progress  of  analytical  dynamics. 
Hence  I  have  not  spoken  in  detml  of  the  theory  of  the  Satellites  of 
Jupiter,  a  subject  on  which  Lagrange  gained  a  prize  for  a  Memoir,  in 
1766,  and  in  which  Laplaoe  discovered  some  most  curious  properties 
in  1784.  Still  less  have  I  referred  to  the  purely  speculative  question 
of  Tautochronows  Curves  in  a  resisting  medium,  though  it  was  a  sub- 
ject of  the  labors  of  Bernoulli,  Euler,  Fontaine,  D' Alembert,  Lagrange, 
and  Laplace.  The  reader  will  rightly  suppose  that  many  other  curious 
investigations  are  passed  over  in  ntter  silence. 

[2d  Ed.]  [Although  the  analytical  calculations  of  the  great  mathe- 
maticians of  the  last  century  had  determined,  in  a  demonstrative  man- 
ner, a  vast  series  of  inequaUties  to  which  tie  motions  of  the  sun,  moon, 
and  planets  were  subject  in  virtue  of  their  mutual  attraction,  there 
were  still  unsatisfactory  points  in  the  solutions  thus  given  of  the  great 
mechanical  problems  su^ested  by  the  System  of  the  Universe.  One 
of  these  points  was  the  want  of  any  evident  mechanical  significance  in 
the  successive  members  of  these  series.  Lindenau  relates  that  Lagrange, 
near  the  end  of  his  life  expressed  his  sorrow  that  the  methofls  of  ap- 
proximation employed  m  Physical  Astronomy  tested  on  arbitrary  pro 
cesses,  ind  not  on  any  insight  into  the  results  of  mechanical  letion 
But  scmething  was  subsequently  done  to  remote  the  around  of  this 
complaint  In  1818  Gauss  pomtel  out  that  "c  ulai  equation-*  may  be 
couLeived  to  res  lit  tiom  the  disturbing  bodj  being  diafnbuted  along 
its  orb  t  BO  T^  to  form  a  ring  an  1  thu^  mid  the  result  conceivil  le 
m  le  distil   il>  th  n  aa  -I  me  e  ic  I  It    t    ale  1     c  i      An  I    t     [  j 
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to  me  tliat  Professor  Airy's  treatise  entitled  Gravitation,  published  at 
Cambridge  in  1834,  is  of  great  value  in  supplying  similar  modes  of 
conception  with  regard  to  the  mechanical  origin  of  many  of  the  prin- 
cipal inequalitiea  of  the  solar  system. 

Bessel  in  1824,  and  Hansen  in  1828,  published  works  which  are 
considered  as  belonging,  along  with  those  of  Gauss,  to  a  new  era  in 
physical  astronomy.'  Gauss's  Tkeoria  Mottium  Corporttm  Celestium, 
which  had  Lalandc's  medal  assigned  to  it  by  the  French  Institute,  had 
already  (1810)  resolved  all  problems  concerning  the  determination  of 
the  place  of  a  planet  or  comet  in  its  orbit  in  function  of  the  elements. 
The  value  of  Hansen's  labors  respecting  the  Perturbations  of  the  Plan- 
ets was  recognized  by  the  Astronomical  Society  of  London,  which 
awarded  to  them  its  gold  medal. 

The  investigations  of  M.  Damoiseau,  and  of  MM.  Plana  and  Carlini, 
on  the  Problem  of  the  Lunar  Theory,  followed  nearly  the  same  course 
as  those  of  their  predecessors.  In  these,  as  in  the  Mkanique  Cikste, 
and  in  preceding  woris  on  the  same  subject^  the  Moon's  co-ordinates 
(time,  radius  vector,  and  latitude)  were  expressed  in  function  of  her  true 
longitude.  The  integrations  were  effected  in  series,  and  then  by  re- 
version of  the  series,  the  longitude  was  expressed  in  function  of  the 
time;  and  then  in  the  same  manner  the  other  two  co-ordinates.  But 
Sir  John  Lubbock  and  M.  Pontecoulant  have  made  the  mean  longitude 
of  the  moon,  that  is,  the  time,  the  independent  variable,  and  have  ex- 
pressed the  moon's  co-ordinates  in  terms  of  sines  and  cosines  of  angles 
increasing  proportionally  to  the  time.  And  this  method  has  been 
adopted  by  M.  Poisson  (Mem.  Inst.  xm.  1833,  p.  212).  M.  Damoiseau, 
like  Laplace  and  Clairaut,  had  deduced  the  successive  coefficients  of 
the  lunar  inequalities  by  numerical  equations.  But  M.  Plana  expresses 
explicitly  each  coefficient  in  general  terms  of  the  letters  expressing  the 
constants  of  the  problem,  arranging  them  according  to  the  order  of  the 
quantities,  and  substituting  numbers  at  the  end  of  the  operation  only. 
By  attending  ta  this  arrangement,  MM.  Lubbock  and  Pontecoulant 
have  verified  or  corrected  a  large  portion  of  the  terms  contained  in 
the  investigations  of  MM.  Damoiseau  and  Plana.  Sir  John  Lubbock 
has  calculated  the  polar  co-ordinates  of  the  Moon  directly ;  M,  Poisson, 
on  the  other  hand,  has  obtained  the  variable  elliptical  elements ;  M. 
Pontecoulant  conceives  that  the  method  of  variation  or  arbitrary  con- 
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slants  may  most  conveniently  be  reserved  for  secular  inequalities  and 
inequalities  of  long  periods. 

MM.  Lubbock  and  Pontecouiaat  have  made  the  mode  of  treating  the 
Lunar  Theory  and  the  Planetary  Theory  agree  with  each  other, 
instead  of  following  two  different  paths  in  the  calculation  of  the  two 
problems,  which  had  previously  been  done. 

Pi'of,  Hansen,  also,  in  his  Fumfamenla  Nova-  Imesl'tgal'umis  Orhit/x 
vera  quam  Luna  perlustrat  {Goth<B,  1838),  gives  a  general  method, 
including  the  Lunar  Theory  and  the  Planetary  Theory  as  two  special 
cases.     To  this  is  annexed  a  solution  of  the  Problem  of  Four  Bodies. 

I  am.  here  speaking  of  the  Lunar  and  Planetary  Theories  as  Mechan- 
ical Problems  only.  Connected  with  this  subject,  I  will  not  omit  to 
notice  a  very  general  and  beautiful  method  of  solving  problems 
respecting  the  motion  of  systems  mutually  attracting  bodies,  given  by 
SirW.  R.  Hamilton,  in  tie  Philosophical  Transactions  for  1834-5 
("On  a  General  Method  in  Dynamics").  His  method  consists  in 
investigating  the  Principal  Functiim  of  the  co-ordinates  of  the  bodies : 
this  function  being  one,  by  the  differentiation  of  which,  the  co-ordinates 
of  the  bodies  of  the  system  may  be  found.  Moreover,  an  approximate 
value  of  this  function  being  obtained,  the  same  formulse  supply  a  means 
of  successive  approximation  without  limit,] 

9.  Precession,  Motion  of  Rigid  £odies.—T!he  series  of  investiga- 
tions of  which  I  have  spoken,  extensive  and  complex  as  it  is,  treats  the 
moving  bodies  as  points  only,  and  takes  no  account  of  any  peculiarity 
of  their  form  or  motion  of  their  parts.  The  investigation  of  the  motion 
of  a  body  of  any  magnitude  and  form,  is  another  branch  of  analytical 
mechanics,  which  well  deserves  notice.  Like  the  former  branch,  it 
mainly  owed  its  cultivation  to  the  problems  suggested  by  the  solar 
system,  Newton,  as  we  have  seen,  endeavored  to  calculate  the  effect 
of  the  attraction  of  the  sun  and  moon  in  producing  the  precession  of 
the  equinoxes ;  but  in  doing  this  he  made  some  mistakes.  In  1747, 
D'Alembert  solved  this  problem  by  the  aid  of  his  "  Principle ;"  and  it 
was  not  difficult  for  him  to  show,  as  he  did  in  his  Opuscules,  in  1761, 
that  the  same  method  enabled  him  to  determine  the  motion  of  a  body 
of  any  figure  acted  upon  by  any  forces.  But,  as  the  reader  will  have 
observed  in  the  course  of  this  narrative,  the  great  mathematicians  of 
this  period  were  always  nearly  abreast  of  each  other  in  their  advances. 
— Euler,'°  in  the  mean  time,  had  published,  in  1T51,  a  solution  of  the 

1"  At:.  Eerl.  ITiC,  1750. 
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problem  of  the  precession;  and  in  1752,  a  memoir  whicli  Le  entifleJ, 
Discovery  of  a  New  J'Tindple  of  Mechanics,  and  whicli  lontam^  .1 
solution  of  tlie  general  problem  of  the  alteration  of  rotary  motion  bj 
forces.  D'Alembert  noticed  ■with  disapprobation  the  assumption  ot 
priority  which  this  title  implied,  though  allowing  the  merit  of  the 
memoir.  Vaiious  improyementa  were  made  in  these  solulions;  but 
the  fins!  form  was  given  them  by  Euler;  and  they  were  applied  to  a 
great  variety  of  problems  in  his  Theory  of  ike  Motion  of  Solid  and 
Rigid  Bodies,  which  was  written"  about  1760,  and  pnblislicd  in  1765. 
The  formula  in  tbia  work  were  mnoh  simplified  by  the  use  of  a  dis- 
covery of  Seguer,  that  every  body  has  three  axes  which  were  called 
Principal  Axes,  about  which  alone  (in  general)  it  would  permanently 
revolve.  The  equations  which  Eoler  and  other  writers  had  obtained, 
were  attacked  as  erroneous  by  Landen  in  the  Philosophical  Trans- 
actions for  1785  ;  but  I  think  it  is  impossible  to  consider  ttia  criticism 
otherwise  thau  as  an  example  of  the  inability  of  the  English  mathe- 
maticians of  tliat  period  to  take  a  steady  hold  of  the  analytical  general- 
izations to  whioli  the  great  Continental  authora  had  been  led.  Perhaps 
one  of  the  most  remarkable  caleulatJons  of  the  motion  of  a  rigid  body 
is  that  whicli  Lagrange  performed  with  regard  to  the  Moon's  Libra- 
iion  •  and  by  which  he  showed  that  the  Nodes  of  the  Moon's  Equator 
and  tbose  of  her  Orbit  must  always  coincide. 

10.  Vibraiing  Strings. — Other  mechanical  questions,  unconnected 
with  astronomy,  were  also  pursued  with  great  zeal  and  success. 
Among  these  was  the  pioblem  of  a  vibrating  string,  stretched  between 
two  fixed  pomts.  Thcie  is  not  much  complexity  in  the  mechanical 
conceptions  whii'It  belong  to  tliis  case,  but  considerable  difGcnlty  In 
reducing  them  to  analysis  laylor,  in  his  Method  of  Increments,  pub- 
lished in  1'71C,  hid  annexed  to  his  work  a  solntion  of  this  problem; 
obtained  on  supposition",  limited  indeed,  but  apparently  conformable 
to  the  most  common  ciicumstances  of  practice.  John  Bernoulli,  in 
1728,  had  also  treated  the  same  problem.  But  it  assumed  an  interest 
altogether  new,  when,  in  1747,  D'Alembert  published  his  views  on  the 
subject;  in.  which  he  maintained  that,  instead  of  one  kind  of  curve 
only,  there  were  an  inimite  numbei  of  different  curves,  which  answered 
tJie  conditions  of  the  question  The  problem,  thus  put  forward  by 
one  great  mathematician,  was,  as  usual,  taken  up  by  the  others,  whose 
names  the  leider  is  now  so  familiar  with  in  such  an  s 
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lT48,  Enler  not  oulj  assented  to  tlie  geuoriiJization  of  D'Alemtiert, 
but  held  that  it  was  not  necessary  that  the  curves  so  introduced  should 
he  defined  by  any  algebraical  condition,  whatever.  From  this  extreme 
indetermiuatenesB  D'Alembert  dissented ;  while  Daniel  Bernoulli, 
trusting  more  to  physical  and  less  to  analytical  reasonings,  maintained 
that  both  these  generalizations  were  inapplicable  in  fact,  and  that  the 
solution  was  really  restricted,  aa  had  at  first  been  supposed,  to  the 
form  of  the  trochoid,  and  to  other  forms  derivable  from  that.  He 
introduced    in  such  problems   the  "Law  of  Coexistent  Vihntions" 

h    h        f  m       t  11  t  th  It     f 

pi      m    h         1         Ita  3  th  I    mp    t    f  m    y        Ijt     1 

p  Ith  tmthwlfl        lytal^  f 

L  g  g  h  1  pil  i  i  If  t  th  p  hi  iM  H  h  d  f  m  a  th 
AdmyfT  j      t  thlf       Ibl  dCg 

and  the  first  memoii  lu  thou  Transactions  was  one  by  him  on  thia 
subject:  in  this  and  in  subsequent  writings  he  has  established,  to  the 
satisfaction  of  the  mathematical  world,  that  the  functions  introduced  in 
such  cases  are  not  necessarily  continuous,  but  are  arbitrary  to  the  same 
degree  that  the  motion  is  so  practically ;  though  capable  of  expression 
by  a  series  of  circular  funotions.  This  controversy,  concerning  the 
degree  of  lawlessness  with  which  the  conditions  of  the  solution  may 
be  assumed,  is  of  consequence,  not  only  witli  respect  to  vibrating 
strings,  but  also  with  respect  to  many  problems,  belonging  to  a  branch 
of  Mechanics  which  we  now  have  to  mention,  the  Doctrine  of  Fluids. 

11.  Equilibrium  of  Fluids.  Figure  of  the  JEarth.  Tides. — The 
application  of  the  general  doctrines  of  Mechanics  to  fluids  was  a 
natural  and  inevitable  step,  when  the  principles  of  the  science  had 
been  generalized.  It  was  easily  seen  that  a  fluid  is,  for  this  purpose, 
nothing  more  than  a  body  of  which  the  parts  are  movable  amongst 
each  other  ivith  entire  facility ;  and  that  the  mathematician  must  trace 
the  consequences  of  this  condition  upon  his  equations.  This  accord- 
ingly was  done,  by  the  founders  of  mechanics,  both  for  the  c^os  of 
the  equilibrium  and  of  motion.  Newton's  attempt  to  solve  the  prob- 
lem cf  the  figuie  of  the  earth,  supposing  it  fluid,  is  the  first  example 
ot  ^uch  an  investigation :  and  this  solution  rested  npon  principles 
which  we  have  already  explained,  applied  with  the  skill  and  sagacity 
which  distinguished  all  that  Newton  did. 

We  have  already  seen  how  the  generality  of  the  principle,  that 
fluids  press  equally  in  aO  directions,  was  established.  In  applying  it 
to  calculation,  Newton  took  for  his  fundamental  piinciple,  tie  equal 
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weight  of  columus  of  the  fluid  reaching  to  the  .centre ;  Hnyghens 
took,  as  his  basis,  the  prepeadicularity  of  the  resulting  force  at  eacli 
point  to  the  surface  of  the  fluid  ;  Bouguer  conceived  that  both  prin- 
.  ciplea  were  necessary ;  and  Clairaut  showed  that  the  equilibrium  of 
all  canals  is  requisite.  He  also  was  the  first  mathematician  who  de- 
duced from  this  principle  the  Equations  of  Partial  Differentials  by 
which  these  laws  are  expressed;  a  step  which,  as  Lagrange  says," 
changed  the  face  of  Hydrostatics,  and  made  it  a  new  science.  Euler 
simplified  the  mode  of  obtaining  the  Equations  of  Equilibrinm  for  any 
forces  whatever ;  and  put  them  in  the  form  which  is  now  generally 
adopted  in  our  treatises. 

The  explanation,  of  the  Tides,  in  the  way  in  which  Newton  at- 
tempted it  in  the  third  book  of  the  Principia,  is  another  exajnple  of 
a  hydrostatical  investigation :  for  he  considered  only  the  form  that 
the  ocean  would  have  if  it  were  at  rest.  The  memoirs  of  Madanrin, 
Daniel  Bernoulli,  and  Eulev,  ou  the  question  of  the  Tides,  which 
shared  among  them  the  prize  of  the  Academy  of  Sciences  in  1740, 
went  upon  the  same  views, 

The  Treatise  of  the  Figure  of  the  Earth,  by  Clairaut,  in  1 743,  ex- 
tended Newton's  solution  of  the  same  problem,  by  supposing  a  solid 
nucleus  covered  with  a  fluid  of  different  density.  No  peculiar  novelty 
has  been  introduced  into  this  subject,  except  a  method  employed  by 
Laplace  for  determining  the  attractions  of  spheroids  of  small  eccen- 
tricity, which  is,  as  Professor  Airy  has  said,"  "  a  calculus  the  most 
singular  in  its  nature,  and  the  most  powerful  in  its  effects,  of  any 
which  has  yet  appeared." 

12.  Capllai-y  Action. — There  is  only  one  other  problem  of  the 
statics  of  fluids  on  which  it  is  necessarj'  to  say  a  word, — the  doctrine 
of  Capillary  Attraction.  Daniel  Bernoulli, "  in  1738,  states  that  he 
passes  over  the  subject,  because  he  could  not  reduce  the  facte  to  gen- 
eral laws :  but  Clmraut  was  more  successful,  and  Laplace  and  Poisson 
have  since  given,  great  analytical  completeness  to  his  theory.  At  pres- 
ent our  business  is,  not  so  much  with  the  sufficiency  of  the  theory  to 
explain  phenomena,  aa  with  the  mechanical  problem  of  which  this  is 
an  example,  which  is  one  of  a  very  remarkable  and  important  char- 
acter; namely,  to  determine  the  effect  of  attractions  which  are  exer- 
cised by  all  the  particles  of  bodies,  on  the  hypotliesis  that  the  attrac- 

12  Mk,  Analyt.  ii.  p.  ISO. 
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tion  of  eacli  particle,  though  sensible  wheo  it  acts  upon  b 
tide  at  an  extremely  small  distance  from  it,  becoi 
vanishes  the  moment  this  distance  assainea  a  perceptible  magnitude. 
It  may  easily  be  imagined  that  the  analysis  by  which  results  are  ob- 
tained under  conditions  so  general  and  so  peculiar,  is  cuvious  and 
abstract ;  the  problem  has  been  resolved  in  some  very  extensive  cases. 
13.  Motion  of  Fluids. — The  only  branch  of  mathematical  m.echan- 
ics  which  remains  to  be  considered,  is  that  which  is,  we  may  venture 
to  say,  hitherto  incomparably  the  most  incomplete  of  all, — Hydro- 
dynamics. It  may  easily  be  imagined  that  the  mere  hypothesis  of 
absolute  relative  mobility  in  the  parts,  combined  with  the  laws  of  mo- 
tion and  nothing  more,  are  conditions  too  vague  and  general  to  lead  to 
definite  conclusions.  Yet  such  are  the  conditions  of  the  problems 
which  relate  to  the  motion  of  fluids.  Accordingly,  the  mode  of  solving 
them  has  been,  to  introduce  certain  other  hypotheses,  often  acknowl- 
edged to  be  false,  and  almost  always  in  some  measure  arbitrary,  which 
may  assist  in  determining  and  obtaining  the  solution.  The  Velocity 
of  a  fluid  issuing  fix)m  an  orifice  in  a  vessel,  and  the  Eesistance  which 
a  solid  body  suffers  in  moving  in  a  fluid,  have  been  the  two  main 
problems  on  which  mathematicians  have  employed  themselves.  We 
have  already  spoken  of  the  manner  in  which  !Nawtoii  ittacked  both 
th^e,  and  endeavored  to  connect  them.  The  subject  became  i  branch 
of  Analytical  Mechanics  by  the  labors  of  D.  BeinouUi,  whose  Hydro- 
dynamica  was  published  in  1738.  This  work  tests  ujon  the  Huy- 
ghenian  principle  of  which  we  have  already  spoken  jn  the  history  of 
the  centre  of  oscillation ;  namely,  the  equality  of  the  actual  descent 
of  the  particles  and  the  potential  ascent ;  or,  m  other  woida,  the  con- 
servation of  vis  viva.  This  was  the  fii'st  analytical  treatise,  and  the 
analysis  is  declared  by  Lagrange  to  be  as  elegant  in  its  steps  as  it  is 
simple  in  its  results.  Maclaurin  also  treated  the  subject ,  but  is  ac- 
cused of  reasoning  in  such  a  way  as  to  show  that  ho  had  determined 
upon  his  result  beforehand ;  and  the  method  of  John  Bernoulli,  who 
likewise  wrote  upon  it,  has  been  strongly  objected  to  by  D'Alembert. 
D'AJembert  himself  applied  the  principle  which  bears  his  name  to  this 
subject;  publishing  a  Treatise  on  the  EquUihrium  and  Motion  of 
Fluids  in  1744,  and  on  the  Resistance  of  Fluids  in  1753.  His  Bi- 
Jlexions  sur  la  Cause  Generate  des  Vents,  printed  in  1747,  are  also 
a  celebrated  work,  belonging  to  this  part  of  mathematics.  Euler,  in 
this  as  in  other  cases,  was  one  of  those  who  most  contributed  to  give 
analytical  elegance  to  the  subject.     In  addition  to  the  questions  which 
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chanical  proposition,  unproved,  and  only  conjectured  to  be  true; 
namely,"  that,  "in  a  system  of  bodies  acted  upon  by  forces  which  are 
periodical,  the  state  of  the  system  is  periodical  like  the  forces."  Even 
with  this  assumption,  various  other  arbitrary  processes  are  requisite ; 
and  it  appears  still  very  doubtful  whether  Laplace's  theory  is  either  a 
better  mechanical  solution  of  the  problem,  or  a  nearer  approximation 
to  the  laws  of  the  phenomena,  than  that  obtained  by  D.  Bernoulli, 
following  the  views  of  Newton. 

In  most  cases,  the  solutions  of  problems  of  hydrodynamics  are  not 
satisfactorily  confirmed  by  the  results  of  observation.  Poisson  and 
Cauchy  have  prosecuted  the  subject  of  waves,  and  have  deduced  very 
curious  conclusions  by  a  very  recondite  and  profound  analysis.  The 
assumptions  of  the  mathematician  here  do  not  represent  the  condi- 
tions of  nature ;  the  rules  of  theory,  therefore,  are  not  a  good  standard 
to  which  we  may  refer  the  aberrations  of  particular  cases ;  and  the 
laws  which  we  obtain  from  experiment  are  very  imperfectly  illustrated 
by  a  priori  calonlaiion.  The  case  of  this  department  of  knowledge. 
Hydrodynamics,  is  very  peculiar ;  we  have  reached  the  highest  point  of 
the  science, — the  laws  of  extreme  siniplicity  and  generality  from  which 
the  phenomena  flow ;  we  cannot  doubt  that  the  ultimate  principles 
which  we  have  obtained  are  the  true  ones,  and  those  which  really 
apply  to  the  facts ;  and  yet  we  are  far  from  being  able  to  apply  the 
principles  to  explain  or  find  out  the  facts.  In  order  to  do  this,  wu 
want,  in  addition  to  what  we  have,  true  and  useful  principles,  inter- 
mediate between  the  highest  and  the  lowest ; — between  the  extreme 
and  almost  barren  generality  of  the  laws  of  motion,  and  the  endlesa 
varieties  and  inextricable  complexity  of  fluid  motions  in  special  cases. 
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The  reason  of  this  peculiarity  in  tlie  science  of  IXydrodynamies  appears 
to  be,  that  its  geaeral  principles  were  not  discovered  with  reference  to 
the  science  itself,  but  by  extension  from  the  sister  seieiic«  of  the  Me- 
chanics of  Solids ;  they  were  not  obtained  by  ascending  gradually 
from  particulars  to  truths  more  and  more  general,  respecting  the  mo- 
tions of  fluids ;  but  were  caught  at  once,  by  a  perception  that  the 
paits  of  fluids  are  included  in  that  range  of  genei-ality  which  we  are 
entitled  to  give  to  the  supreme  laws  of  motions  of  solids.  Thus, 
Solid  Dynamics  and  Fluid  Dynamics  resemble  two  edifices  which  have 
their  highest  apartment  in  common,  and  though  we  can  explore 
every  part  of  the  former  building,  wo  have  not  yet  succeeded  in  trav- 
ersing the  staircase  of  the  latter,  either  from  the  top  or  from  the 
bottom.  If  we  had  lived  in  a  world  in  which  there  were  no  solid 
bodies,  we  should  probably  not  have  yet  discovered  the  laws  of  mo- 
tion ;  if  we  had  lived  in  a  world  in  which  there  were  no  fluids,  we 
should  have  no  idea  how  iiisufBcient  a  complete  possession  of  the 
general  laws  of  motion  may  he,  to  give  ns  a  true  knowledge  of  pai'- 
ticnlar  results. 

14.  Various  General  Mechanical  Principles. — The  generalized  laws 
of  motion,  the  points  to  which  I  have  endeavored  to  conduct  my  his- 
tory, include  in  them  all  other  laws  by  which  the  motions  of  bodies 
can  be  regulated ;  and  among  such,  several  la^vs  which  had  been  dis- 
covered before  the  highest  point  of  generalization  was  reached,  and 
which  thus  served  as  stepping-stones  to  the  ultimate  principles.  Such 
were,  as  we  have  seen,  the  Principles  of  the  Conservation  of  vis  viva, 
the  Principle  of  the  Conservation  of  the  Motion  of  the  Centre  of 
Gravity,  and  the  lite.  These  principles  may,  of  course,  be  deduced 
from  our  elementary  laws,  and  were  fi.iially  established  by  mathemar 
ticians  on  that  footing.  There  are  other  principles  which  may  be 
similarly  demonstrated ;  among  the  rest,  I  may  mention  the  Principle 
of  the  Conservation  of  areas,  which  extends  to  any  number  of  bodies  a 
law  analogous  to  that  which  Kepler  had  observed,  and  Newton  demon- 
strated, respecting  the  areas  described  by  each  planet  round  the  sun. 
I  may  mention  also,  the  Principle  of  the  ImnvMlity  of  ike  plane  of 
maximum,  areas,  a  plane  which  is  not  disturbed  by  any  mutual  action 
of  the  parts  of  any  system.  The  former  of  these  principles  was  pub- 
lished about  the  same  timo  by  Euler,  D.  Bernoulli,  and  Darcy,  under 
different  forms,  in  1746  and  1747  ;  the  latter  by  Laplace. 

To  these  may  be  added  a  law,  veiy  celebrated  in  its  time,  and  the 
n  angry  controversy,  the  Principle  of  least  action,     Mau- 
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pertuis  conceived  that  he  could  establish  a  priori,  by  theological  argu- 
ments, that  all  mechanical  chaugea  must  take  place  in  the  world  so  as 
to  occasion  the  least  possible  quantity  of  action,  In  asserting  this,  it 
was  proposed  to  measure  the  Action  by  the  product  of  Velocity  and 
Space ;  and  this  measure  being  adopted,  the  mathematicians,  though 
they  did  not  generally  assent  to  Maupertuis'  reasonings,  found  that  his 
principle  expressed  a  remarkable  and  useful  truth,  which  might  bo 
established  on  known  mechanical  grounds. 

15.  Analytical  Generality.  Connection  of  Stalks  and  Dynamics. — 
Before  I  quit  this  subject,  it  is  important  to  remark  the  peculiar  char- 
acter which  the  science  of  Mechanics  has  now  assumed,  in  consequence 
of  the  estrerne  analytical  generality  which  has  been  given  it  Sym- 
bols, and  operations  npon  symbols,  include  the  whole  of  the  reasoner's 
task ;  and  thongh  the  relations  of  space  are  the  leading  subjects  in  the 
■science,  the  great  analytical  treatises  upon  it  do  not  contain  a  single 
diagram.  The  Mecanique  Analytique  of  Lagrange,  of  which  the  first 
edition  appeared  in  1^88,  is  by  far  the  most  consnmmate  example  of 
this  analytical  generality.  "The  plan  of  this  work,"  says  the  author, 
"  is  entirely  now.  I  have  proposed  to  myself  to  reduce  the  whole  the- 
ory of  this  science,  and  the  art  of  resolving  the  problems  which  it  in- 
cludes, to  general  formulfo,  of  which  the  simple  development  gives  all 
the  equations  necessary  for  the  solution  of  the  problem," — "  The  reader 
will  find  no  figures  in  the  work.  The  methods  which  I  deliver  do  not 
require  either  constructions,  or  geometrical  or  mechanical  reasonings; 
but  only  algebraical  operations,  subject  to  a  regular  and  uniform  rule 
of  proceeding."  Thus  this  writer  makes  Mechanics  a  branch  of  Anal- 
j-sis ;  instead  of  making,  as  had  previously  been  done,  Analysis  an 
implement  of  Mechanics,'^  The  transcendent  generalizing  genius  of 
Lagrange,  and  his  matchless  analytical  skill  and  elegance,  have  made 
this  undertaking  as  successful  as  it  is  striking. 

The  mathematical  reader  is  aware  that  the  language  of  mathemat- 
ical symbols  is,  in  its  nature,  more  general  than  tbe  language  of  words  : 
and  that  in  this  way  truths,  translated  into  symbols,  often  suggest  their 
own  generalizations.  Something  of  this  kind  baa  happened  in  Me- 
chanics. The  same  Formula  expresses  the  general  condition  of  Statics 
and  that  of  Dynamics.  The  tendency  to  generalization  which  is  thus 
introduced  by  analysis,  makes  matliBmaticians  unwilhng  to  aoknowl- 

"  Lsgninge  himself  terms  Moohani<is,  "  An  Aailytioal  Geometry  of  four  dimon- 
aioQs."  Beflidea  t!ia  three  co-oriinaUa  which  determine  the  place  of  a  body  in  space, 
Ihe  Hme  enters  ns  a/eurfA  eo-ordiaate.    [Note  by  Littrow.] 
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eiJge  a  plurality  of  MecLanical  principloa ;  and  in  tlio  most  recent 
analytical  treatises  on  the  subject,  all  the  doctrines  arc  deduced  from 
the  single  Law  of  Inertia.  Indeed,  if  we  identify  Forces  with  the  Ve- 
locities which  produce  them,  and  allow  the  Composition  of  Forces  to 
be  applicable  to  force  so  understood,  it  is  easy  to  see  that  we  can  reduce 
the  Laws  of  Motion  to  tie  Principles  of  Statics ;  and  this  conjunction, 
thougli  it  may  not  be  considered  as  philosophically  just,  is  verbally 
correct.  If  we  thus  multiply  or  extend  the  meanings  of  the  term 
Force,  wo  make  our  elementary  principles  simpler  and  fewer  than  be- 
fore ;  and  those  persons,  therefore,  who  are  willing  to  assent  to  such  a 
use  of  words,  can  thus  obtain  an  additional  generalization  of  dynamical 
principles ;  and  this,  as  I  have  stated,  has  been  adopted  in  several  re- 
cent treatises.  I  shall  not  further  discuss  here  how  far  this  is  a  real 
advance  in  science. 

Having  thus  rapidly  gone  throngh  the  history  of  Force  and  Attrac- 
tion in  the  abstract,  we  return  to  the  attempt  to  interpret  the  phenom- 
ena of  the  universe  by  the  aid  of  these  alstractions  thus  estabhshed. 

But  before  we  do  so,  we  may  make  one  remark  on  the  history  of 
this  part  of  science.  la  consequence  of  the  vast  career  into  which 
the  Doctrine  of  Motion  has  been  drawn  by  the  splendid  problems  pro- 
posed to  it  by  Astronomy,  the  origin  and  starting-point  of  Mechanics, 
namely  Machines,  had  almost  been  lost  out  of  sight  Machines  had 
become  the  smallest  part  of  Mechanics,  as  iMnd-measurinff  had  become 
the  smallest  part  of  Geometri/.  Yet  the  application  of  Mathematics  to 
the  doctrine  of  Machines  has  led,  at  all  periods  of  the  Science,  and  es- 
pecially in  our  own  time,  t«  curious  and  valuable  resulfs.  Some  of 
these  will  be  noticed  in  the  Additions  to  this  volume. 
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Dbbcend  from  heaven,  Urania,  by  that  aamo 

If  rightly  tlion  art  called,  ivhose  voice  divine 

Following,  above  tte  Olympian  hill  I  soar, 

Above  the  flight  of  P^aBean  wing. 

The  meaning,  not  the  name,  I  call,  for  thon 

Nor  of  the  muses  nine,  nor  on  tlie  top 

Of  old  Olympus  dwoll'st :  but  heavenly-bom. 

Before  the  hills  appeared,  or  fountain  flowed. 

Thou  with  Eternal  Wisdom  didst  c< 

Wisdom,  thy  sister. 
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CHAPTER  I. 
Prelude  to  the  Inductive  Epoch  of  Newton. 


WE  have  bow  to  contemplate  the  last  and  moat  splendid  period  0| 
the  progress  of  Astronomy; — the  grand  completion  of  tiie  his- 
tory of  the  most  ancient  and  prosperous  province  of  human  knowledge 
— the  steps  whieh  elevated  this  scionce  to  an  unrivalled  eraiuence  above 
other  sciences ; — the  first  great  example  of  a  wide  and  complex  a 
Wage  of  phenomena  indubitably  traced  to  their  single  simple  cause ; — 
in  short,  the  iirst  example  of  the  formation  of  a  perfect  Inductive 
ScieBce. 

In  this,  as  in  other  considerable  advances  in  real  science,  the  com- 
plete disclosure  of  the  new  truths  by  the  principal  discoverer,  was  pre- 
ceded by  movements  and  glimpses,  by  trials,  seekings,  and  guesses  on 
the  part  of  others;  by  indications,  in  short,  th'at  men's  minds  were 
already  carried  by  their  intellectual  impulses  in  the  direction  in  which 
the  truth  lay,  and  were  beginning  to  detect  its  nature.  In  a  case  so 
important  and  interesting  as  this,  it  is  more  peculiarly  proper  to  give 
some  view  of  this  Prelude  to  the  Epoch  of  the  full  diaeovery. 

{Francis  Bacon.)  That  Astronomy  should  become  Physical  Astron- 
my — that  the  motions  of  the  heavenly  bodies  should  be  traced  to 
h  s,  as  well  as  reduced  to  rule, — was  felt  by  all  persons  of 

at  ad  philosophical  minds  as  a  pressing  and  irresistible  need,  at 
th  t  m  t  which  we  speak.  Wo  have  already  seen  how  much  this 
f  1  ng  h  1  to  do  in  irhpelling  Kepler  to  the  train  of  laborious  research 
b  h  h  h  made  his  discoveiies:  Perhaps  it  may  be  interesting  to 
p  nt  t  how  strongly  this  persuasion  of  the  necessity  of  giving  a 
phy  -ll  haraoter  to  astronomy,  had  taken  possession  of  the  mind  of 
B  wh     looking  at  the  progress  of  knowledge  with  a  more  com- 

p  h  n  pirit,  and  from  a  higher  point  of  view  than  Kepler,  could 
ha  n  ne  f  his  astronomical  prejudices,  since  on  that  subject  ho  was 
f  a  d  ff  nt  school,  and  of  far  inferior  knowledge.  In  his  "Descrip- 
tion of  the  Intellectual  Globe,"  Bacon  says  that  while  Astronomy  had, 
up  to  that  time,  had  it  for  her  business  to  inquire  into  the  rules  of  the 
heavenly  motions,  and  Phil<sophy  into  their  causes,  they  had  both  so 
far  worked  without  due  appreciation  of  their  respective  tasks;  Philos- 
ophy neglecting  facts,  and  Astronomy  claiming  assent  to  her  mathe- 
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inafieal  hypotheses,  which  ought  to  be  con&idered  as  mere  steps  of 
calculation,  "Since,  thoreforo,"  he  continues,'  "ea«h  aoieace  has 
hitherto  beea  a  slight  and  ill-constructed  thing,  we  must  assuredly  taie 
a  firmer  stand;  our  ground  being,  that  these  two  subjects,  wHcL  on 
account  of  the  narrowness  of  men's  views  and  the  traditions  of  pro- 
fessors have  been  so  long  dissevered,  are,  in  fact,  one  and  the  same 
thing,  and  compose  one  body  of  science."  It  must  be  allowed  that, 
however  erroneous  might  be  the  points  of  Bacon's  positive  astronomi- 
cal creed,  these  general  views  of  the  cature  and  position  of  the  science 
are  most  sound  and  philosophical. 

{Kepler.)  In  his  attempts  to  suggest  a  right  physical  view  of  the 
starry  heavens  and  theiv  relation  to  th,e  earth,  Bacon  failed,  along  with 
all  the  writers  of  his  time.  It  has  already  been  stated  that  the  main 
cause  of  this  failure  was  the  want  of  a  knowledge  of  the  true  theory  of 
motion ; — the  non-esistence  of  the  science  of  Dynamics.  At  the  time 
of  Bacon  and  Kepler,  it  was  only  just  beginning  to  be  possible  to  re- 
duce the  heavenly  motions  to  the  laws  of  earthly  motion,  because  th.e 
latter  were  only  just  then  divulged.  Accordingly,  we  have  seen  that 
the  whole  of  Kepler's  physical  speculations  proceed  upon  an  ignorance 
of  the  first  law  of  motion,  and  assume  it  to  bo  the  main  problem  of  the 
physical  astronomer  to  assign  the  cause  which  keeps  up  the  motions  of 
the  planets.  Eopler's  doctrine  is,  that  a  certain  Force  or  Virtue  resides 
in  the  sun,  by  which  all  bodies  within  Ha  influence  are  carried  round 
him.  He  illustrates'  the  nature  of  this  Virtue  in.  various  ways,  com- 
paring it  to  Light,  and  to  the  Magnetic  Power,  which  it  resembles  in 
the  circumstances  of  operating  at  a  distance,  and  also  in  exercising  a 
feebler  influence  as  the  distance  becomes  greater.  But  it  was  obvious 
that  these  comparisons  were  very  imperfect;  for  they  do  not  explain 
how  the  sun  produces  in  a  body  at  a  distance  a  motion  athwart  the 
line  of  emanation  ;  and  though  Kepler  introduced  an  assumed  rotation 
of  the  sun  on  his  axis  as  the"  cause  of  this  effect,  that  such  a  cause 
could  produce  tlio  result  could  not  be  established  by  any  analogy  of 
terrestrial  motions.  But  another  image  to  which  he  referred,  suggest- 
ed a  much  more  substantial  and  conceivable  kind  of  mechanical  action 
by  which  the  celestial  motions  might  be  produced,  namely,  a  current 
of  fluid  matter  circulating  round  the  sun,  and  carrying  the  planet  with 
it,  like  a  boat  in  a  stream.  In  the  Table  of  Contents  of  the  work  on 
the  planet  Mars,  the  pnrport  of  the  chapter  to  which  I  have  alluded  is 

'  Vol.  is.  231.  s  DeSidldMar(is,F.S.c.xxxiv. 
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stated  aa  follows  ;  "  A  physical  speculation,  in  whicb  it  is  demonstrated 
that  the  vehicle  of  that  Virtue  whicli  urges  the  planets,  circulates 
through  the  spaces  of  the  universe  after  the  manner  of  a  river  or  whirl- 
pool (vortex),  moving  quicker  than  the  pianeta,"  I  thick  it  will  be 
found,  by  anj  n  wh  ad  K  pi  phrases  concerning  th  ww  ng 
force, — the  maffn  t  t  — th  n  material  virtue  of  th  n  that 
they  convey  n     d  t  n  t      aeei  I  xcept  so  far  as  they  t 

prated  by  th     xpss        jt^td      A  vortex  of  fluid         tantly 
whirling  rou  d  th     n     k  jt       th    whirling  motion  by  tli       tat 
of  the  sun  him    If  and    a  th    jl  nets  round  the  snn  bj    t        o- 

lution,  aa  a  whirlpool  carries  straws,  could  be  readily  understood ;  and 
though  it  appears  to  have  been  held  by  Eepler  that  this  current  and 
vortex  was  immaterial,  ho  ascribes  to  it  the  power  of  overcoming  the 
inertia  of  bodies,  and  of  pntling  them  and  keeping  them  in  motion, 
the  only  material  properties  with  which  he  Lad  any  thing  to  do.  Kep- 
ler's physical  reasonings,  therefore,  amount,  in  fact^  to  the  doctrine  of 
Vortices  round  the  central  bodies,  and  are  occasionally  so  stated  by 
himself;  thou^  by  asserting  these  vortices  to  be  "an  immaterial  spe- 
cies," and  by  the  fickleness  and  variety  of  his  phraseology  on  the  sub- 
ject, he  leaves  this  theory  in  some  confusion; — a  proceeding,  indeed, 
which  both  his  waot  of  sound  mechanical  conceptions,  and  Ms  busy 
and  inventive  fancy,  might  have  led  us  to  expect  Nor,  we  may  ven- 
ture to  say,  wia  it  easy  for  any  one  at  Kepler's  time  to  devise  a  more 
plausible  theory  thaa  the  theory  of  vortices  might  have  been  made.  It 
was  only  with  the  formation  and  progress  of  the  science  of  Mechanics 
that  this  theory  became  untenable. 

(Descartes.)  But  if  Kepler  might  be  excused,  or  indeed  admired, 
for  propounding  the  theory  of  Vortices  at  his  time,  the  case  was  differ- 
ent when  the  laws  of  motion  had  been  fully  developed,  and  when  those 
who  knew  the  state  of  mechanical  science  ought  to  have  learned  to 
consider  the  motions  of  the  stars  as  a  mechanical  problem,  subject  to 
the  same  conditions  as  other  mechanical  problems,  and  capable  of  the 
same  exactness  of  solution.  And  there  was  an  especial  inconsistency 
in  the  circumstance  of  the  Theory  of  Vortices  being  put  forwards  by 
Descartes,  who  pretended,  or  was  asserted  by  his  admirers,  to  have 
been  one  of  the  discoverers  of  the  true  Laws  of  Motion.  It  certainly 
shows  both  great  conceit  and  great  shallowness,  that  he  should  have 
proclaimed  with  mach  pomp  this  crude  invention  of  the  ante-mechan- 
ical period,  at  the  time  when  the  best  mathematicians  of  Europe,  as 
Borelli  in  Italy,  Hooke  and  Wallis  in  England,  Huyghens  in  Holland, 
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were  patiently  laboring  to  bring  the  mechanical  problem  of  tlie  uni- 
verse into  its  most  distinct  form,  in  order  that  it  might  be  solved  at 
last  and  forever. 

I  do  not  mean  to  assert  that  Descartes  borrowed  his  doctrines  &om 
Kepler,  or  fiom  any  of  his  predecessors,  for  the  theory  was  sufficiently 
obvious;  and  especially  if  we  suppose  the  inventor  to  seek  his  sugges- 
tions rather  in  the  casual  examples  offered  to  the  sense  than  iu  the 
exact  laws  of  motion.  Nor  would  it  be  reasonable  to  rob  this  philos- 
opher of  that  credit,  of  the  plausible  deduction  of  a  vast  system  fi'om 
apparently  simple  principles,  which,  at  the  time,  was  so  much  admired  ; 
and  which  undoubtedly  was  the  great  cause  of  the  many  conveits  to 
his  views.  At  the  same  lime  we  may  venture  to  say  that  a  system  of 
doctrine  thus  deduced  from  assumed  principles  by  a  long  chain  of 
reasoning,  and  not  verified  and  confirmed  at  every  step  by  detailed 
and  exact  facts,  has  hardly  a  chance  of  containing  any  truth.  Ites- 
cartes  said  that  he  should  think  it  little  to  show  how  the  world  is  con- 
structed, if  he  could  not  also  show  that  it  must  of  necessity  have  been 
so  constructed.  The  more  modest  philosophy  which  has  survived  the 
boastings  of  his  school  is  content  to  receive  all  its  knowledge  of  facts 
from  ejq)erience,  and  never  dreams  of  interposing  its  peremptory  must 
6e  when  nature  is  ready  to  tell  us  what  is.  Theupnon  philosopher  has, 
however,  always  a  strong  feeling  in  his  favor  among  men,  Tte  deduc- 
tive form  of  his  speculations  gives  them  something  of  the  charm  and 
the  apparent  certainty  of  pure  mathematics;  and  while  he  avoids  that 
laborious  recurrence  to  experiments,  and  measures,  and  multiplied  ob- 
servations, which  is  irksome  and  distasteful  fo  those  who  are  impatient 
to  grow  wise  at  once,  every  fact  of  which  the  theory  appears  to  give 
an  explanation,  seems  to  be  an  unasked  and  almost  an  infallible  wit- 
ness in  its  favor. 

My  business  with  Descartes  here  is  only  with  his  physical  Theory 
of  Vortices ;  which,  great  as  was  its  glory  at  one  time,  is  now  utterly 
extinguished.  It  was  propounded  in  his  Prindpia  Philosophic,  in 
1644.  In  order  to  arrive  at  this  theory,  he  begins,  as  might  be  ex- 
pected of  him,  from  reasonings  sufficiently  general.  He  lays  it  down 
as  a  maxim,  in  the  first  sentence  of  his  book,  that  a  person  who  seeks 
for  truth  must,  once  in  his  life,  doubt  of  all  that  he  most  believes.  Con- 
ceiving himself  thus  to  have  stripped  himself  of  all  his  belief  on  all 
subjects,  in  order  to  resume  that  part  of  it  which  merits  to  be  retained, 
he  begins  with  his  celebrated  assertion,  "I  think,  therefore  I  am;" 
which  appears  to  him  a  certain  and  immovable  principle,  by  means  of 
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which  he  may  proceed  to  something  moco.  Accordingly,  fo  this  he 
BOOH  adds  the  idea,  and  hence  the  certain  existence,  of  God  and  his 
perfections.  He  then  assorts  it  to  be  also  manifest,  that  a  vacuum  in 
any  part  of  the  universe  is  impossible ;  the  whole  must  be  filled  with 
matter,  and  the  matter  must  be  divided  into  equal  angular  parts,  this 
being  the  most  simple,  and  therefore  the  most  natural  supposition.' 
This  matter  being  in  motion,  the  parts  are  necessarily  ground  into 
a  spherical  form ;  and  the  comers  thus  rubbed  off  (like  filings  or  saw- 
dust) form  a  second  and  more  subtle  matter.*  There  is,  besides,  a  third 
kind  of  matter,  of  parts  more  coarse  and  less  fitted  for  motion.  The 
first  matter  makes  luminons  bodies,  as  the  sun,  and  the  fixed  stars ;  the 
second  is  tlie  transparent  substance  of  the  skies ;  the  third  is  the  mate- 
rial of  opake  bodies,  as  the  earth,  planets,  and  comets.  We  may  suppose, 
also,' that  the  motions  of  these  parts  take  tbe  form  of  revolving  circular 
currents,*  or  vortices.  By  this  means,  the  first  matter  will  be  collected 
to  the  centre  of  each  vortex,  while  the  second,  or  subtle  matter,  sur- 
rounds it,  and,  by  its  centrifugal  effort,  constitutes  light.  The  planets 
are  carried  round  the  sun  by  the  motion  of  his  voi-tex,'  each  planet 
being  at  such  a  distance  from  the  sun  as  to  be  in  a  part  of  the  vortex 
suitable  to  ita  solidity  and  mobility.  The  motions  are  prevented  from 
being  exactly  circular  and  regular  by  various  causes ;  for  instance,  a 
vortex  may  be  pressed  into  an  ova!  shape  by  contiguous  vortices.  The 
satellites  are,  in  like  manner,  carried  round  their  primary  planets  by 
subordinate  vortices  ;  while  the  comets  have  sometimes  the  liberty  of 
gliding  out  of  one  vortex  into  the  one  next  contiguous,  and  thus  trav- 
elling in  a  sinuous  course,  from  system  to  system,  through  the  universe. 
It  is  not  necessary  for  us  to  speak  here  of  the  entire  deficiency  of 
this  system  in  mechanical  consistency,  and  in  a  correspondency  to  ob- 
servation in  details  and  measures.  Its  general  reception  and  tempo- 
rary sway,  in  some  instances  even  among  intelligent  men  and  good 
mathematicians,  are  the  most  remarkable  facts  connected  with  it. 
These  may  be  ascribed,  in  part,  to  the  circHmstance  that  philosophers 
were  now  ready  and  eager  for  a  physical  astronomy  commensurate 
with  the  existing  state  of  knowledge  ;  they  may  have  been  owing  also, 
in  some  measure,  to  tie  character  and  position  of  Descartes.  He  was 
a  man  of  high  claims  in  every  department  of  speculation,  and,  in  pute 
mathematics,  a  genuine  inventor  of  great  eminence ; — a  man  of  family 
and  a  soldier; — an  inoffensive  philosopher,  attacked  and  persecuted 

s  Prm.  p.  58.  '  lb.  p.  B9.  '  lb.  p.  66. 
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for  his  opinions  witii  great  bigotry  and  fmj  li>  a  Dutoli  dmiie,  Voet; 
— the  favorite  and  teacher  of  two  distinguished  fnncesaes,  and,  it 
is  said,  the  lover  of  one  of  them.  This  wis  Eliz-kbeth,  the  daughter 
of  the  Elector  Frederick,  and  consequently  grand  d  lughter  of  our 
James  the  First.  His  other  royal  disciple,  the  colabiated  Ghiistiana 
of  Sweden,  showed  her  zeal  for  his  instructions  by  appointing  the  hour 
of  five  in  the  morning  for  their  interviews  This,  in  the  (,limate  of 
Sweden,  and  in  the  winter,  was  too  se^eie  a  tnal  fui  the  constitution 
of  the  philosopher,  born  in  the  sunny  valley  of  the  Loire ;  and,  after  a 
short  residence  at  Stockholm,  he  died  of  an  inflaraiaation  of  the  chest 
in  1650,  He  always  kept  up  an  active  correspondence  ivith  his  friend 
Mersenne,  who  was  called,  by  some  of  the  Parisians,  "  the  Kesident  of 
Descartes  at  Paris ;"  and  who  informed  him  of  all  that  was  done  in 
the  world  of  science.  It  is  said  that  he  at  first  sent  to  Mersenne  an 
acconnt  of  a  system  of  the  universe  which  he  had  devised,  which  went 
on  the  asaumptjon  of  a  vacuum ;  Mersenne  informed  him  that  the 
vacuum  was  no  longer  the  fashion  at  Paris ;  upon  which  he  proceeded 
to  remodel  his  system,  and  to  re-establish  it  on  the  principle  of  a  ple- 
num. Undoubtedly  he  tried  to  avoid  promulgating  opinions  which 
might  bring  him  into  trouble.  He,  on  all  occasions,  endeavored  to  ex- 
plain away  the  doctrine  of  the  motion  of  the  earth,  so  as  to  evade  the 
scruples  to  which  the  decrees  of  the  pope  had  given  rise  ;  and,  in  stat- 
ing the  theory  of  vortices,  he  says,'  "There  is  no  doubt  that  the  world 
was  created  at  first  with  all  its  perfection ;  nevertheless,  it  is  well  to 
consider  how  it  might  have  arisen  from  certain  principles,  although 
we  know  that  it  did  not."  Indeed,  in  the  whole  of  his  philosophy,  he 
appears  to  draerve  the  character  of  being  both  rash  and  cowardly, 
"pusillanimus  simul  et  audaix"  far  more  than  Aristotle,  to  whose  phy- 
sical speculations  Bacon  applies  this  description.' 

Whatever  the  causes  might  be,  his  system  was  well  received  and 
rapidly  adopted.  Gassendi,  indeed,  says  that  he  found  nobody  who 
had  the  courage  to  read  the  Pnncijna  through ;'°  but  the  system  was 
soon  embraced  by  the  younger  professors,  who  were  eager  to  dispute 
in  its  favor.  It  is  said"  that  the  University  of  Paris  was  on  the  point 
of  publishing  an  edict  against  these  new  doctrines,  and  was  only  pre- 
vented from  doing  so  by  a  pasquinade  which  is  worth  mentioning.  It 
was  composed  by  the  poet  Boileau  (about  1684),  and  professed  to  bo  a 
Bequest  in  favor  of  Aristotle,  and  an  Edict  issued  from  Mount  Parnas- 
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BUS  in  cousequenCG.  It  is  obvious  that,  at  this  time,  the  cause  of  Car- 
teaianisia  was  looked  upon  as  the  cause  of  free  inquiry  and  modern 
discovery,  in  opposition  to  that  of  higotty,  prejudice,  and  ignorance. 
Probably  the  poet  was  far  from  being  a  very  severe  or  profound  critic 
of  the  truth  of  such  claims.  "This  petition  of  the  Masters  of  Arts, 
Professors  and  Regents  of  the  University  of  Paris,  humbly  sbowetb, 
that  it  is  of  public  Eoforiety  that  the  sublime  and  incomparable  Aris- 
totle was,  without  contest,  the  first  founder  of' the  four  elements,  fire, 
air,  earth,  and  water;  that  ho  did,  by  special  grace,  accord  unto  them 
a  simplicity  wMch  belongetb  not  to  them  of  natural  right ;"  and  so  on. 
"Nevertheless,  since,  a  certain  time  past,  two  individuals,  named  Rea- 
son and  Experience,  have  le^ued  themselves  together  to  dispute  his 
claim  to  the  rank  which  of  justice  pertains  to  him,  and  have  tried  to 
erect  themselves  a  throne  on  tlie  ruins  of  his  authority ;  and,  in  order 
the  better  to  gain  their  ends,  bavo  excited  cerfmn  factious  spirits,  who, 
under  the  names  of  Cartesians  and  Gassendists,  have  begun  to  shake 
off  the  yoke  of  their  master,  Aristotle ;  and,  contemning  hia  aufbority, 
with  unexampled  temerity,  would  dispute  the  right  which  he  had  ac- 
quired of  making  true  pass  for  felse  and  false  for  true ;" — In  fact,  this 
production  does  not  exhibit  any  of  the  peculiar  tenets  of  Descartes, 
although,  probably,  the  positive  points  of  his  doctrines  obtained  a  foot- 
ing in  the  University  of  Paris,  under  the  cover  of  this  assault  on  his 
adversaries.  The  Physics  of  Hohault,  a  zealous  disciple  of  Descartes, 
was  published  at  Paris  about  1670,"  and  was,  for  a  time,  the  standard 
book  for  students  of  this  subject,  both  in  Franco  and  in  England.  I 
do  not  here  speak  of  the  later  defenders  of  the  Cartesian  system,  for,  in 
their  hands,  it  was  much  modified  by  the  struggle  which  it  had  to 
maintain  against  the  Newtonian  system. 

We  are  concerned  with  Descartes  and  his  school  only  as  they  form 
part  of  the  picture  of  the  intellectual  condition  of  Euro].-^  just  before 
the  publication  of  Newton's  discoveries.  Beyond  this,  the  Cartesian 
speculations  are  without  value.-  "When,  indeed,  Descartes'  country- 
men could  no  longer  refuse  their  assent  and  admiration  to  the  New- 
tonian theory,  it  came  to  be  the  fashion  among  thorn  to  say  that  Des- 
cartes had  been  the  necessary  precursor  of  Newton;  and  to  adopt  a 


favorite  saying  of  Leibnitz,  that  the  Cartesi 
chamber  of  Ti'utb.  Yet  this  comparison 
appeared  rather  as  if  these  suitors  had  p 


philosophy  was  tho  ant«- 
s  far  from  being  happy ;  it 
istaken  the  door ;  for  those 
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who  first  came  into  tte  presence  of  Truth  herself,  were  those  who  iievei' 
entered  this  ima^ned  antechamber,  and  those  who  were  ia  the  ante- 
chamber firet,  were  the  last  in  penetrating  further.  Ia  partly  the  same 
spirit,  Playfair  has  noted  it  as  a  service  which  Newton  perhaps  owed 
to  Descartes,  that  "  he  had  exhausted  one  of  the  most  tempting  forms 
of  error."  We  shall  see  soon  that  this  temptation  had  no  attraction 
for  those  who  looked  at  the  problem  in  its  true  light,  as  the  Italian 
nnd  English  philosophers  already  did.  Voltaire  has  observed,  far  more 
truly,  that  Newton's  edifice  rested  on  no  stone  of  Descartes'  foundations. 
He  illustrates  this  by  relating  that  Newton  only  once  read  the  wort 
of  Descartes,  and,  in  doing  so,  wrote  the  word  "error,"  repeatedly,  on 
the  first  seven  or  eight  pages;  after  which  he  read  eo  more.  This 
volume,  Voltaire  adds,  was  for  some  time  in  the  po^ession  of  Kewton's 

(Gassendi.)  Even  in  his  own  country,  the  system  of  Descartes  was 
by  no  means  universally  adopted.  We  have  seen  that  though  Gassendi 
was  coupled  with  Descartes  as  one  of  the  leaders  of  the  now  philoso- 
phy, he  was  far  from  admiring  his  work.  Gassendi's  own  views  of  the 
causes  of  the  motions  of  the  heavenly  bodies  are  not  very  clear,  nor 
even  very  clearly  referrible  to  the  laws  of  mechanics ;  although  he  was 
one  of  those  who  had  most  share  in  showing  that  those  laws  apply  to 
astronomical  motions.  In  a  chapter,  headed"  "  Qua)  sit  motrix  siderum 
causa,"  he  reviews  several  opinions;  but  the  one  which  he  seems  to 
adopt,  is  that  which  ascribes  the  motion  of  the  celestial  globes  to  certain 
fibres,  of  which  the  action  is  similar  to  that  of  the  muscles  of  animals. 
It  does  not  appear,  therefore,  that  he  had  distiuctly  apprehended,  either 
the  continuation  of  the  movements  of  the  planets  by  the  First  Law  of 
MoiJon,  or  their  deflection  by  the  Second  Law;— the  two  main  steps 
oa  the  road  to  the  discovery  of  the  true  forces  by  which  they  are  made 
to  describe  their  orbits. 

{LeilmU^,  t&e.)  Nor  does  it  appear  that  in  Germany  mathematicians 
had  attained  this  point  of  view.  Leibnitz,  as  we  have  seen,  did  not 
assent  to  the  opinions  of  Descartes,  as  containing  the  complete  truth  ; 
and  yet  his  own  views  of  the  physics  of  tie  universe  do  not  seem  to 
liave  any  great  advantage  over  these.  Ia  16^1  he  published  A  new 
physical  Jiypothesia,  by  which  the  causes  of  moat  phenomena  are  deduced 
from  a  certain  single  universal  motion  supposed  in  our  globe  ; — not  to 
be  despised  either  by  the  Tychonians  or  the  C'opernieans.     He  supposes 

"  Oariesianiam,  Eiic,  Phil.  ■'  Gassendi,  Opera,  vol.  1.  p.  (jS9. 
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the  particles  of  the  earth  to  have  separate  motions,  which  produce 
coUisions,  and  thus  propagate'*  an  "  agitation  of  the  ether,"  radiating 
in  all  directions;  and,'"  "by  the  rotation  of  the  sun  on  its  axis,  con- 
curring with  its  rectilinear  action  on  the  earth,  arises  the  motion  of 
the  earth  about  the  sun."  The  other  motions  of  the  solar  system  are, 
as  we  might  expect,  accounted  for  in  a  similar  manner;  hut  it  appears 
difficult  to  invest  such  an  hypothesis  with  any  mechanical  consistency. 

John  Bernoulli  mdntained  to  the  last  the  Cartesian  hypothesis, 
though  with  several  modifications  of  his  own,  and  even  pretended  to 
apply  mathematical  calculation  to  his  principles.  This,  however,  be- 
longs to  a  Jafer  period  of  our  history ;  to  the  reception,  not  to  the  prel- 
ude, of  the  Newtonian  theory. 

(Borelli.)  In  Italy,  Holland,  and  England,  matheinaticiana  appear 
to  have  looked  much  more  steadily  at  the  problem  of  the  celestial 
motions,  by  the  light  which  the  discovery  of  the  real  laws  of  motion 
threw  upon  it.  In  Boreili's  Theories  of  the  Medketm  Planets,  printed 
at  Florence  in  1666,  we  have  already  a  conception  of  the  nature  of 
oentral  action,  in  which  true  notions  begin  to  appear.  The  attraction  of 
a  body  upon  another  which  revolves  about  it  is  spoken  of  and  likened 
to  magnetic  action ;  not  converting  the  attracting  force  into  a  trans- 
verse force,  according  to  the  en'oneous  views  of  Kepler,  but  taking  it  as 
a  tendency  of  the  bodies  to  meet.  "It  is  manifest,"  says  he,"  "that 
every  planet  and  satellite  revolves  round  some  principal  globe  of  the 
universe  as  a  fountain  of  virtue,  which  so  draws  and  holds  them  that 
they  cannot  by  any  means  be  separated  from  it,  but  are  compelled  to 
follow  it  wherever  it  goes,  in  constant  and  continuous  revolutions." 
And,  further  on,  he  describes"  the  nature  of  the  action,  as  a  matter  of 
conjecture  indeed,  but  with  remarkable  correctness."  "We  shall  ac- 
count for  these  motions  by  supposing,  that  which  can  hardly  be  denied, 
that  the  planets  have  a  certain  natural  appetite  for  uniting  themselves 
with  the  globe  round  which  they  revolve,  and  that  they  really  tend, 
with  all  their  efforts,  to  approach  to  such  globe ;  the  planets,  for  in- 
stance, to  the  sun,  the  Medicean  Stars  to  Jupiter.  It  is  certain, 
also,  that  circular  motion  g^ves  a  body  a  tendency  to  recede  from  the 
centre  of  such  revolution,  as  we  find  in  a  wheel,  or  a  stone  whirled  in 
a  sling.  Let  us  suppose,  then,  the  planet  to  endeavor  to  approach  the 
sun ;  since,  in  the  mean  time,  it  requires,  by  the  circular  motion,  a 
force  to  recede  from  the  same  central  body,  it  comes  to  pass,  that  when 
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those  two  opposite  forces  are  equal,  each  compensates  tha  other,  and  the 
planet  cannot  go  nearer  to  the  sun  nor  farther  from  him  than  a  certain, 
determinate  space,  and  thus  appears  balanced  and  floating  about  him." 

This  is  a,  very  remarkable  passage;  but  it  will  be  observed,  at  the 
same  time,  that  the  author  has  no  distinct  conception  of  the  manner 
in  which  the  change  of  direction  of  the  planet's  motion  is  regulated 
from  one  instant  to  another;  still  less  do  his  views  lead  to  any  mode 
of  calculating  the  distance  from  the  central  body  at  which  the  planet 
would  be  thus  balanced,  or  the  space  throngh  which  it  might  approach 
to  the  centre  and  recede  from  it.  There  is  a  great  interval  from  Borelli's 
guesses,  even  to  Huygliens'  theorems;  and  a  much  greater  to  the  be- 
ginning of  Newton's  discoveriea, 

[England)  It  is  peculiarly  interesting  to  us  to  trace  the  gradual 
approach  towards  these  discoveries  which  took  place  in  the  minds  of 
English  mathematicians ;  and  this  we  can  do  with  tolerable  distinct- 
ness. Gilbert,  in  his  work,  Be  Magnete,  printed  in  1600,  has  only 
some  vague  notious  that  the  magnetic  virtue  of  the  earth  in  some  way 
determines  the  direction  of  the  earth's  axis,  the  rate  of  its  diurnal  rota- 
tion, and  that  of  the  revolution  of  the  moon  about  it.'°  He  died  in 
1603,  and,  in  his  posthumous  work,  already  mentioned  (De  Mundo 
nostro  Sublunari  Pkilost^'hia  nova,  1G51),  we  have  already  a  more 
distinct  statement  of  the  attraction  of  one  body  by  another."  "  The 
force  which  emanates  from  the  moon  reaches  to  the  earth,  and,  in  like 
manner,  the  magnetic  virtue  of  the  earth  pervades  the  region  of  the 
moon:  both  correspond  and  conspire  by  the  joint  action  of  both,  ac- 
cording to  a  proportion  and  conformity  of  motions ;  but  the  earth  has 
more  effect,  in  consequence  of  Its  superior  mass;  the  earth  attracts 
andrepelathemoon,audth6moon,  within  certain  limits,  the  earth;  not 
so  as  to  make  the  bodies  come  together,  as  magnetic  bodies  do,  but  so 
that  they  may  go  on  in  a  continuous  course."  Though  this  phraseology 
is  capable  of  representing  a  good  deal  of  the  truth,  it  does  not  appear 
to  have  bean  connected,  in  the  author's  mind,  with  any  very  definite 
notions  of  mechanical  action  Ja  detail.  We  may  probably  say  the 
same  of  Milton's 


What  if  the  sxm 
Be  centre  to  the  world ;  iind  other  stera, 
By  hia  attractive  virtue  and  their  own 
Incited,  dance  abont  him  various  rounds  ! 

Pa;-.  Loit, 

"  Ub,  Ti.  cap,  6, 1.  "!  lb,  ii.  o.  10 
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Boyle,  about  the  same  period,  seems  to  iiavc  inclined  to  the  Cartesian 
hypothesis.  Thus,  in  order  to  show  the  advantage  of  the  natural 
theology  which  contemplates  organic  contrivances,  over  that  which 
refers  to  astronomy,  he  remarks :  "It  may  be  said,  that  in  bodies  inan- 
imate," the  contrivance  is  very  rarely  so  exquisite  but  that  the  various 
motions  and  occurrences  of  their  parts  may,  without  much  improb- 
ability, be  suspected  capable,  after  many  essays,  to  cast  one  another  into 
several  of  those  circumvolutions  called  by  Epicurus  avarpoipa,^,  and 
by  Descartes,  vortices  ;  which  being  once  made,  may  continue  a  long 
time  after  the  manner  explained  by  the  latter."  Neither  Milton  nor 
Boyle,  however,  can  be  supposed  to  have  had  an  exact  knowledge  of 
the  laws  of  mechanics;  and  therefore  they  do  not  fully  represent  the 
views  of  their  mathematical  contemporaries.  But  there  arose  about 
this  time  a  group  of  philosophers,  who  began  to  knock  at  the  door 
where  Truth  was  to  be  found,  although  it  was  left  for  Newton  to  force 
it  open.  These  were  the  founders  of  the  Eoyal  Society,  Wilkins, 
Wallis,  Seth  Ward,  Wren,  Hooke,  and  others.  The  time  of  the 
beginning  of  the  speculations  and  association  of  these  men  corresponds 
to  the  lime  of  the  civil  wars  between  the  king  and  parliament  in  Eng- 
land; and  it  does  not  appear  a  fanciful  account  of  their  scientific  zeal 
and  activity,  to  say,  that  while  they  shared  the  common  mental  ferment 
of  the  times,  they  sought  in  the  calm  and  peaceful  pursuit  of  knowl- 
edge a  contrast  to  the  vexatious  and  angiy  struggles  which  at  that 
time  disturbed  the  repose  of  society.  It  was  welt  if  these  dissensions 
produced  any  good  to  science  to  balance  the  obvious  evils  which 
flowed  from  them,  Gaseoigue,  the  inventor  of  the  micrometer,  a 
friend  of  Horros,  was  killed  in  the  battle  of  Marston  Moor.  Milburne, 
another  friend  of  Horcox,  who  like  him  detected  the  errors  of  Lans- 
berg's  astronomical  tables,  left  papers  on  this  subject,  which  were  lost 
by  the  coming  of  the  Scotch  army  into  England  in  1639;  in  the 
civil  war  which  ensued,  the  anatomical  collections  of  Harvey  were 
plundered  and  destroyed.  Most  of  these  persons  of  whom  I  have 
lately  had  to  speak,  were  involved  in  the  changes  of  fortune  of  the 
Commonwealth,  some  on  one  side,  and  some  on  the  other.  Wilkins 
was  made  Warden  of  Wadham  by  the  committee  of  parliament 
appointed  for  reforming  the  University  of  Oxford;  and  was,  in  1659, 
made  Master  of  Trinity  College,  Cambridge,  by  Richard  Cromwell, 
but  ejected  thence  the  year  following,  upon  the  restoration  of  the 

«  Shaw's  Boyk's  Works,  ii.  160. 
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royal  sway.  Seth  Ward,  who  was  a  Fellow  of  Sidney  College,  Cam- 
bridge, was  deprived  of  his  Fellowship  by  the  parliamentary  committee; 
but  at  a  later  period  (1649)  he  took  tlie  engagement  to  be  faithful  to 
the  Commoiiwealth,  and  became  Savilian  Professor  of  Astronomy  at 
Oxford.  Wallis  held  a  Fellowship  of  Queen's  College,  Cambridge,  but 
vacated  it  by  marriai^e  He  wai  afterwards  much  employed  by  the 
royal  party  in  deciph  t  w   f    <fs       wh   h     t  1     had  pe  u 

liarskill.     Yet  he  wk    n      t  d  >    th    jarl    m    t    y         m  ss 
Savilian  Professor    fC  fytOfdmhhtt       hw 

continued  by  Charl     II    ft     h         t      t  CI      toph     W       w 

somewhat  later,  ani         p  1  th         h  H  h  sen  F  11  w 

of  All-Souls  in  165  dc<,ddWl        SI       Ifss        t 

Astronomy.     These  m        1        wthByl       d  alth       frmd 

themselves  into  a  1  b  wh  h  th  y  all  i  th  Ph  1  ph  c  1  th 
Invisible  College;  and  met,  from  about  the  year  164o,  sometimes  in 
London,  and  sometimes  in  Oxford,  according  to  the  changes  of  fortune 
and  residence  of  the  members.  Hooke  went  to  Christ  Church,  Oxford, 
in  1653,  where  he  was  patronized  by  Boyle,  Ward,  and  Wallis ;  and 
when  the  Philosophical  College  resumed  its  meetings  in  London,  after 
tkt  Restoration,  as  the  Royal  Society,  Hooke  was  made  "  curator  of 
experiments."  Ilalley  was  of  the  next  generation,  and  comes  after 
Newton ;  he  studied  at  Queen's  College,  Oxford,  in  1673  ;  but  was  at 
first  a  man  of  some  fortune,  and  not  engaged  in  any  official  situation. 
His  talents  and  zeal,  however,  made  him  an  active  and  effective  ally 
in  the  promotion  of  science. 

The  connection  of  the  persons  of  whom  we  have  been  speaking  has 
a  bearing  on  our  subject,  for  it  led,  historically  speaking,  to  the  pub- 
lication of  Newton's  discoveries  in  physical  asti'onomy.  Rightly  to 
propose  a  problem  is  no  inconsiderable  step  to  its  solution ;  and  it  was 
undoubtedly  a  great  advance  towards  the  true  theory  of  the  universe 
to  consider  the  motion  of  the  planets  round  the  sun  as  a  mechanical 
question,  to  be  solved  by  a  reference  to  the  laws  of  motion,  and  by  the 
use  of  mathematics  So  far  the  English  philosophers  appear  to  have 
gone,  before  the  time  of  Newton  Hooke,  indeed,  when  the  doctrine 
of  gravitation  was  published,  asserted  that  he  had  discovered  it  pre- 
viously to  Newton ,  and  though  this  pretension  could  not  be  main- 
tained, he  certainly  had  perceived  that  the  thing  to  be  done  was,  to 
determine  the  effect  of  a  central  force  in  producing  curvilinear  motion ; 
which  effect,  as  we  have  alreidj  t-een,  he  illustrated  by  experiment  as 
early  as  1666,     HoAe  hnl  iK  sj   ken  more  cleii^  on  this  subject 
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in  An  Aitempt  to  prove  ikt  Motion  of  the  Earth  from  Observations, 
published  in  1674.  In  this,  he  distinctly  states  that  the  planets  would 
move  in  straight  lines,  if  they  were  not  deflected  by  cenfi'al  forces ; 
and  that  the  central  attractive  power  increases  in  approaching  the 
centre  in  certain  degrees,  dependent  on  the  distance.  "Now  what 
these  degrees  are,"  he  adds,  "I  have  not  yet  experimentally  verified;" 
bnt  he  ventures  to  promise  to  any  one  who  succeeds  in  this  under- 
taking, a  discovery  of  the  cause  of  the  heavenly  motions.  He  asserted, 
ia  conversation,  to  Halley  and  Wren,  that  he  had  solved  this  problem, 
bnt  hia  solution  was  never  produced.  The  proposition  that  the  attrac- 
tive force  of  the  sun  varies  inversely  as  the  square  of  the  distance  from 
the  centre,  bad  already  been  divined,  if  not  folly  established.  If  the 
orbits  of  the  planets  were  circles,  this  proportion  of  the  forces  might 
be  deduced  in  the  same  manner  as  the  propositions  concerning  circular 
motion,  which  Huygbens  published  in  1673 ;  yet  it  does  not  appear 
that  Huyghens  made  this  application  of  his  principles,  Newfon,  how- 
ever, had  already  made  this  step  some  years  before  this  time.  Accord- 
ingly, he  says  in  a  letter  to  Halley,  on  llooke's  claim  to  this  discovery,^ 
"When  Huygenius  put  out  hia  Horologium  Oscillatorium,  a  copy 
being  presented  to  me,  in  my  letter  of  thanks  I  gave  those  rules  in  the 
end  thereof  a  particular  commendation  for  their  usefulness  in  computing 
the  forces  of  the  moon  from  the  earth,  and  the  earth  from  the  sun." 
He  says,  moreover,  "  I  am  almost  confident  by  circumstances,  that 
Sir  Christopher  Wren  knew  the  duplicate  proportion  when  I  gave  him 
a  visit ;  and  then  Mr.  Hooke,  by  his  book  Comela,  will  prove  the  last 
of  us  three  that  knew  it"  Hooke's  Comeia  was  published  in  1678. 
These  Inferences  were  all  connected  with  Kepler's  law,  that  the  times 
are  in  the  sesquiplicate  ratio  of  the  major  axes  of  the  orbits.  But 
Halley  had  also  been  led  to  the  duplicate  proportion  by  another  train 
of  reasoning,  namely,  by  considering  the  force  of  the  sun  as  an  emana- 
tion, which  must  become  more  feeble  in  proportion  to  the  increased 
spherical  surface  over  which  it  is  diffused,  and  therefore  in  the  inverse 
proportion  of  the  square  of  the  distances.'"  In  this  view  of  the  matter, 
however,  the  difficulty  was  to  detonnine  what  would  be  the  motion  of 
a  body  acted  on  by  such  a  force,  when  the  orbit  is  not  circular  but 
oblong.     The  investigation  of  this  case  was  a  problem  which,  we  can 

'5  Biog.  Brit.,  art.  Ilooke. 

"  Bnlliaidus,  in  1645,  had  nsaerted  thnt  the  fotie  by  which  the  SUD  "  prehendit 
et  hftrpflgat,''  taks^  hold  of  and  grapples  the  plaiiPta,  must  be  as  the  inverse  aquare 
nfthedislsncc. 
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easily  conceive,  must  liave  appeared  of  very  formidable  complexity 
while  il  was  unsolved,  and  tke  first  of  its  kind.  Accordingly  Halley, 
as  his  biographer  says,  "finding  himself  unable  to  make  it  out  in  any 
geometrical  way,  first  applied  to  Mr,  Hooke  and  Sir  Christopher  Wren, 
and  meeting  with  no  assistance  from  either  of  them,  he  went  to  Cam- 
bridge in  August  (1684),  to  Mr.  Newton,  who  supplied  him  fully  with 
what  he  had  so  ardently  sought." 

A  paper  of  Halley's  in  the  Philosophical  Transactions  for  January, 
1686,  professedly  inserted  as  a  preparadon  for  Newtoa's  work,  contains 
some  arguments  against  the  Cartesian  hypothesis  of  gravity,  which 
seem  to  imply  that  Cartesian  opinions  had  some  footing  among  Eng- 
Hsh  philosophers;  and  we  are  told  by  Whiston,  Newton's  successor  in 
his  professorship  at  Cambridge,  that  Cartesianism  formed  a  part  of  the 
studies  of  that  place.  Indeed,  Rohault's  Physics  was  used  as  a  class- 
book  at  that  University  long  after  the  time  of  which  we  are  speaking ; 
but  the  peculiar  Cartesian  doctrines  which  it  contained  were  soon 
superseded  by  others. 

With  regard,  then,  to  this  part  of  the  discovery,  that  the  force  of 
the  sua  follows  tho  inverse  duplicate  proportion  of  the  distances,  we 
see  that  several  other  persons  were  on  the  verge  of  it  at  the  same  time 
with  Newton ;  though  he  alone  possessed  that  combination  of  distinct^ 
ness  of  thought  and  power  of  mathematical  invention,  which  enabled 
him  to  force  his  way  across  the  barrier.  But  another,  and  so  far  as 
we  know,  an  earher  train  of  thought,  led  by  a  difi'erent  path  to  the 
same  result ;  and  it  was  the  convergence  of  these  two  lines  of  reason- 
ing that  brought  the  conclusion  to  men's  minds  with  irresistible  force, 
I  speak  now  of  the  identification  of  the  force  which  retains  the  moon 
in  her  orbit  with  the  force  of  gravity  by  which  bodies  fall  at  the  earth's 
surface.  In  this  comparison  Newton  had,  so  far  as  I  am  aware,  no 
forerunner.  We  are  now,  therefore,  arrived  at  the  point  at  which  the 
history  of  Newton's  great  discovery  properly  begins. 
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CHAPTER    II. 

The  Ibductive  Epoch  or  Newton. — Discovery  ov  the  Univbr- 
BAL  Gkavitation  of  Matter,  acookdins  to  tub  Law  ov  the 
Ikversb  Squakb  of  the  Distasce. 

IN  order  that  we  may  the  more  clearly  consider  the  bearing  of  this, 
thB  greatest  scientific  discovery  ever  made,  we  shall  resolve  it  into 
the  partial  propositions  of  which  it  consists.  Of  these  we  may  enumer- 
ate five.     The  doctrine  of  aniversal  gravitation  asserts, 

1.  That  the  force  by  which  the  different  planets  are  attracted  to  the 
sun  is  in  the  inverse  proportion  of  the  squares  of  their  distances ; 

2.  That  the  force  by  which  the  same  planet  is  attracted  to  the  sim, 
in  different  parts  of  its  orbit,  is  also  in  the  inverse  proportion  of  the 
squares  of  i^Q  distances ; 

3.  That  the  earth  also  exerts  such  a  force  on  the  Tnoon,  and  that  this 
force  is  identical  with  the  force  oi  gi-avity ; 

4.  That  bodies  thus  act  on  other  bodies,  besides  those  which  revoive 
round  them ;  thns,  that  the  sun  exerts  such  a  force  on  the  moon  and 
satellites,  and  that  the  planets  esert  such  forces  on  one  another; 

5.  That  this  force,  thus  exerted  by  the  general  masses  of  the  sun, 
earth,  and  planets,  arises  from  the  attraction  of  each  particle  of  these 
masses ;  which  attraction  follows  the  above  law,  and  belongs  to  all 
matter  alike. 

The  history  of  the  establishment  of  these  five  truths  will  be  given  in 

1.  Sun's  Force  on  Different  Planets. — With  regard  to  the  first  of 
the  above  five  propositions,  that  the  different  planets  are  attracted  to 
the  sun  by  a  force  which  is  inversely  as  the  square  of  the  distance, 
Newton  had  so  far  been  anticipated,  that  several  persons  had  discover- 
ed it  to  be  true,  or  nearly  true ;  that  is,  they  had  discovered  that  if  the 
orbits  of  the  planets  were  circles,  the  proportions  of  tho  central  force  to 
the  inverse  square  of  the  distance  would  follow  from  Kepler's  third 
law,  of  the  sesquiplicate  proportion  of  the  periodic  times.  As  we  have 
seen,  Huyghens'  theorems  would  have  proved  this,  if  they  had  been  so 
applied ;  Wren  knew  it ;  Hooke  not  only  knew  it,  but  cldmed  a  prior 
knowledge  to  Newton ;  and  Halley  had  satisfied  himself  that  it  was  at 
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least  nearly  true,  before  lie  visited  Newton.  Hooke  was  reported  to 
Newton  at  Cambridge,  as  having  applied  to  the  Royal  Society  to  do 
him  justice  with  regard  to  his  clainjs ;  but  when  Halley  wrote  and  in- 
formed Newton  (ia  a  letter  dated  June  29,  1686),  that  Hooka's  eon- 
duct  "had  been  represented  in  worse  colors  than  it  ought,"  Newton 
inserted  in  his  book  a  notice  of  these  his  predecessors,  in  order,  as  he 
said,  "to  compose  the  dispute.'"  This  notice  appears  in  a  Scholium 
to  the  fourth  Proposition  of  the  Frincipia,  which  states  the  general 
law  of  revolutions  in  circles.  "  The  case  of  the  sixth  corollary,"  New- 
ton there  says,  "obtains  in  the  celestial  bodies,  as  has  been  separately 
inferred  by  our  countrymen.  Wren,  Hooke,  and  Halley ;"  ho  soon  after 
names  Huyghens,  "who,  in  his  excellent  treatise  De  Horologio  Oscil- 
latorio,  compares  the  force  of  gravity  with  the  centrifugal  forces  of  re- 
volving bodies." 

The  two  steps  requisite  for  this  discovery  were,  to  propose  the  mo- 
tions of  the  planets  as  simply  a  mechanical  problem,  and  to  apply 
mathematical  reasoning  so  as  to  solve  this  problem,  with  reference  to 
Kepler's  third  law  conadered  as  a  feet.  The  former  step  was  a  conse- 
quence of  the  mechanical  discoveries  of  Galileo  and  his  school ;  the 
result  of  the  firm  and  clear  place  which  these  gradually  obtained  in 
men's  mind,  and  of  the  utter  abolition  of  all  the  notions  of  solid  spheres 
by  Kepler.  The  mathematical  step  required  no  small  mathematical 
powers ;  as  appears,  when  we  consider  that  this  was  the  first  example 
of  such  a  problem,  and  that  the  method  of  limits,  under  all  its  forms, 
was  at  this  time  in  its  infancy,  or  rather,  at  its  birth.  Accordingly, 
even  in  this  step,  though  much  the  easiest  in  the  path  of  deduction,  no 
one  before  Newton  completely  executed. 

2.  Force  in  different  Pmnta  of  an  Orbit. — The  inference  of  the  law 
of  the  foree  from  Kepler's  two  laws  concerning  the  elliptical  motion, 
was  a  problem  quite  different  from  the  preceding,  and  much  more  dif- 
ficult ;  but  the  dispute  with  respect  to  priority  in  the  two  propositions 
was  intermingled.  Borelli,  in  1666,  had,  as  we  have  seen,  endeavored 
to  reconcile  the  general  form  of  the  orbit  with  the  notion  of  a  central 
attractive  force,  by  taVing  centrifugal  force  into  the  account ;  and 
Hooke,  in  1679,  had  asserted  that  the  result  of  the  law  of  the  inverse 
square  in  the  force  of  the  earth  would  be  an  ellipse,'  or  a  curve  like 
an  ellipse.'     But  it  does  not  appear  that  this  was  any  thing  more  than 
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3  coujectiire.  Ilalley  says' that  "  Hooke,  m  1663,  told  him  hi.  had 
demonstrated  all  tho  laws  of  the  celestial  motwn-  by  the  recipio- 
cally  duplicate  proportion  oE  the  force  of  giavity,  but  thitibeinif 
offered  forty  shillings  by  Sir  Christopher  Wren  to  produce  Buch  a  de- 
monstration, his  answer  was,  that  he  had  it,  but  w  ould  conceal  it  for 
some  time,  that  others,  trying  and  failing,  might  inow  how  to  value  it 
when  he  should  mate  it  public."  HaJley,  however,  truly  observes, 
that  after  the  publication  of  the  demonstration  in  the  Pnncipa,  this 
reason  no  longer  held  ;  and  adds,  "  I  have  plainly  told  him,  that  unless 
he  produce  another  differing  demonstration,  and  let  the  world  judge  of 
it,  neither  I  nor  any  one  else  can  believe  it." 

Newton  allows  that  Hooke's  assertions  in  1679  gave  occasion  to  his 
investigation  on  this  point  of  the  theory.  His  demonstration  is  con- 
tained in  the  second  and  third  Sections  of  the  Principia.  He  first 
treats  of  the  general  law  of  central  forces  in  any  curve ;  and  then,  on 
account,  as  he  states,  of  the  application  to  the  motion  of  the  heavenly 
bodies,  he  treats  of  the  case  of  force  varying  inversely  as  the  squai'e 
of  the  distance,  in  a  more  difi'use  manner. 

In  this,  as  in  the  former  portion  of  his  discovery,  the  two  steps  were, 
the  proposing  the  heavenly  motions  as  a  mechanical  problem,  and  the 
solving  this  pi'oblem.  Borelli  and  Hoofee  had  certainly  made  the 
former  step,  with  considerable  distinctness  ;  but  the  mathematical  solu- 
tion required  no  common  inventive  power, 

Newton  seems  to  have  been  much  ruffled  by  Hooke's  speaking 
slightly  of  the  value  of  this  second  step ;  and  is  moved  in  return  to 
deny  Hooke's  pretensions  with  some  asperity,  and  to  assert  his  own. 
He  siys  in  a  letter  to  Halley  "Borelli  did  something  in  it,  and  wrote 
m  d    tly    1     (H    k  )  h      d  tl  ng ;  and  yet  written  in  such  a 

wy  thkw  dhd  ffi  tly  hinted  all  hut  what  remained 
tldtm  dbjth  Ijgyf  calculations  and  observations ; 
ghmlftnUtlb  Ij  reason  of  his  other  business; 
wh     aa  1       h     Id      th     h  d  himself  by  reason  of  his  in- 

ahlty    f       t  y  jl        bj  h     words,  he  knew  not  how  to  go 

ah     t  t     N"  w      n  t  th        ry  fi  Mathematicians  that  find  out, 

ttl  a  d  d  all  th  b  ss  m  t  content  themselves  with  being 
nthn     btdrjalilt  Id    dges ;   and  another  that  does 

nthngbtited  1  isjtll  things,  must  carry  away  all  the 
n      t   n    as  w  II    f  thos    th  t  to  follow  him  &s  of  those  that 

<  Eno.  Brit.  Hooke,  p.  2660. 
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went  before."  Tliis  was  written,  howovei',  under  the  influence  of  some 
degree  of  mistake  ;  and  in  a  subsequent  letter,  Newton  says,  "  Wow  I 
understand  he  was  in  some  respects  misrepresented  to  me,  I  wish  I 
had  spared  the  poafscript  to  my  last,"  in  which  is  the  passage  just 
quoted.  We  see,  by  the  melting  away  of  rival  claims,  the  undivided 
hoaor  which  belongs  to  Newton,  as  the  real  discoverer  of  the  proposi- 
tion now  under  notice.  We  may  add,  that  in  the  sequel  of  the  third 
Section  of  the  Prindpia,  he  has  traced  its  consec^uenccs,  and  solved 
various  problems  flowing  from  it  with  his  usuaJ  fertility  and  beauty  of 
mathematical  resource;  and  has  there  shown  the  necessary  connection, 
of  Kepler's  third  law  with  his  first  and  second. 

3.  Moar^a  Gravity  to  the  Earth. — ^Though  others  had  considered 
cosmieal  forces  as  governed  by  the  general  laws  of  motion,  it  does  not 
appear  that  they  had  identified  such  forces  with  the  force  of  terrestrial 
gravity.  This  step  in  Newton's  discoveries  has  generally  been  the 
most  spolceu  of  by  superficial  thinkers ;  and  a  false  kind  of  interest 
has  been  attached  to  it,  from  the  story  of  its  being  suggested  by  the 
fall  of  an  apple.  The  popular  mind  is  caught  by  the  character  of  an 
eventful  narrative  which  the  anecdote  gives  to  this  occnrrence ;  and 
by  the  antithesis  which  makes  a  profound  theory  appear  the  result  of 
a  trivial  accident.  How  inappropriate  is  such  a  view  of  the  matter 
we  shall  soon  see.  The  narrative  of  the  progress  of  Newton's  thoughts, 
is  ^ven  by  Pemberton  (who  had  it  from  Newton  himself)  in  his  pre- 
face to  his  View  of  H'ewtorCs  Philosophy,  and  by  Voltaire,  who  had  it 
from  Mrs.  Conduit,  Newton's  niece.'  "  The  first  thoughts,"  we  are 
told,  "  which  gave  rise  to  bis  Prindpia,  he  had  when  bo  retired  from 
Cambridge,  in  1666,  on  account  of  the  plague  (he  was  then  twenty- 
fout  years  of  age).  As  ho  sat  alone  in  a  garden,  he  fell  into  a  specu- 
lation on  the  power  of  gravity ;  that  as  this  power  is  not  found  sensi- 
bly diminished  at  the  remotest  distance  from  the  centre  of  the  earth 
to  which  we  can  rise,  neither  at  the  tops  of  the  loftiest  buildings,  nor 
even  on  the  summits  of  the  highest  mountains,  it  appeared  to  him 
reasonable  to  conclude  that  this  power  must  extend  much  further  than 
was  usually  thought :  Why  not  as  high  as  the  moon  ?  said  be  to  him- 
self; and  if  so,  her  motion  must  be  influenqed  by  it;  perhaps  she  is 
retained  in  her  orbit  thereby." 

The  thought  of  cosmieal  gravitation  was  thus  distinctly  brought 
inla. being;  and  Newton's  superiority  here  was,  that  be  conceived  the 

=  SUmens  de  PTiU.  de  Ssmton,  3me  partie,  chap.  iii. 
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celestial  motions  as  distinctly  as  the  motions  wliich  took  place  close  to 
him ; — ooBsidered  them  aa  of  the  same  kind,  and  applied  the  same 
rules  to  each,  without  hesitation  or  obscurity.  But  bo  far,  this  thought 
was  merely  a  guess :  its  occun-ence  showed  the  activity  of  the  thinker ; 
bnt  to  give  it  any  value,  it  required  much  more  than  a  "  why  not  V — 
a     p    hap  \      rdingly,  Newton's  "  why  not  I"  was  immediately 

su  1  d  by  h  if  bo,  what  then  ?"  His  reasoning  was,  that  if 
gra  ty  a  h  t  the  moon,  it  is  probably  of  the  same  kind  as  the 
ntral  f  «  f  th  un,  and  follows  the  same  rule  with  respect  to  the 
d  tan  What  this  rule  f  We  have  already  seen  that,  by  calcu- 
latmg  from  Kepler  a  laws,  and  supposing  the  orbits  to  be  circles,  the 
rule  of  the  force  appears  to  be  the  inverse  duplicate  proportion  of  the 
distance ;  and  this,  which  had  been  current  aa  a  conjecture  among  the 
previous  generation  of  mathematicians,  Newton  had  already  proved  by 
indisputable  reasonings,  and  was  thus  prepared  to  proceed  in  his  train 
of  inquiry.  If,  then,  he  went  on,  pursuing  his  train  of  thought,  the 
earth's  gravity  extend  to  the  moon,  diminishing  according  to  the  in- 
verse square  of  the  distance,  will  it,  at  the  moon's  orbit,  be  of  the 
proper  magnitude  for  retaimug  her  in  her  path  ?  Here  again  came  in 
calculation,  and  a  calculation  of  extreme  interest;  for  how  important 
and  how  critical  was  the  decision  which  depended  on  the  resulting 
numbers !  According  to  Newton's  cilcuIalionB,  made  at  this  time,  the 
moon  by  her  motion  in  her  orbit,  was  deflected  from  the  tangent 
every  minute  through  a  space  of  thirteen  feet.  But  by  noticing  the 
space  through  which  bodies  would  fail  in  one  minute  at  the  earth's 
Buriace,  and  supposing  this  to  be  diminished  in  the  ratio  of  the  inverse 
square,  it  appeared  that  gravity  would,  at  the  moon's  orbit,  draw  a 
body  through  more  than  fifteen  feet.  The  difference  seems  small,  the 
approximation  encouraging,  the  theory  plausible;  a  man  in  love  with 
his  own  fancies  would  readily  have  discovered  or  invented  some  prob- 
able cause  of  this  difference.  But  Newton  acquiesced  in  it  as  a  dis- 
proof of  his  conjecture,  and  "  laid  aside  at  that  time  any  further 
thoughts  of  this  matter ;  thus  resigning  a  favorite  hypothesis,  with  a 
candor  and  openness  to  conviction  not  inferior  to  Kepler,  though  his 
notion  had  been  taken  up  on  far  stronger  and  sounder  grounds  than 
Kepler  dealt  in;  and  without  even,  so  far  as  we  know,  Kepler's  regrets 
and  struggles.  Nor  was  this  levity  or  indifference  ;  the  idea,  though 
thus  laid  aside,  was  not  finally  condemned  and  abandoned.  When 
Hooke,  in  1679,  contradicted  Newton  on  the  subject  of  the  curve 
described  by  a  falling  body,  and  asserted  it  to  be  an  ellipse,  NewtoD 
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was  led  to  investigate  the  subject  and  wis  then  again  i.oniuctisd,  by 
another  road,  to  the  same  law  of  the  inverse  square  ot  the  distanee. 
This  naturally  turned  his  thoughts  to  his  former  speculations  Was 
there  really  no  way  of  explanimg  the  dis(  repanoy  wKich  this  law  gave, 
when  he  attempted  to  ipdute  the  moon's  motion  to  tie  action  of 
gravity  ?  A  so  ent  h  [  e  at  on  then  ruceotly  ampleted  ^i  e  the  es 
planation  at  once  He  hii  b  en  n  stak  n  n  tho  u  agn  i  de  of  tl  e 
earth,  and  conseq  ently  n  the  1  st  ncp  of  the  moon  wh  ch  b  d  te 
mined  by  m  isur  ments  t  vh  ch  the  ea  th  a  1  s  tl  e  bo.  e  II 
had  taken  the  omm  n  e  tm  ate  cur  e  t  inon^,  geo^aphe  -s  an  I  sei 
men,  that  s  ty  Engl  h  m  les  are  conta  o  1  u  o  e  dog  ee  of  1  t  tude 
But  Picard,  n  1670  had  mei  urel  tl  e  le  gtli  of  a  certi  n  ]  ortion  ot 
the  merid  an  a  France  w  th  fa  f  eate  a  c  r  cy  than  h  1  yet  been 
attained ;  an  1  th  n  uas  e  enabled  N  wto  to  epeat  h  s  al  lat  n 
with  these  amended  dat.  We  may  mag  ne  the  t  ong  nos  ty 
which  he  must  hiv  lelt  as  to  the  et  It  of  the  e  e  1  iilat  on  Hii 
former  co  je  ture  va.  ow  fo  nd  to  g  ee  n  th  tl  e  phen  n  eni  to  d 
remarkable  legree  of  j  rec  s  o  i,  Th  s  conclus  o  th  ong  after 
long  doubts  a  d  lelays  and  talbng  w  th  the  othe  ret  It  ot  me 
chanical  al  ulaton  1  r  the  sols  jsten  gica  t  [  fontht 
moment  to  h  s  p  n  ona  and  th  o  j,h  h  to  tl  e  of  tBu  h  le  [  h  lo- 
soptical  wo  Id 

[2dEd.]  [Dr.  Kobi.on  (Mec/aic  I  Pkiloioihy,  p.  288)  .ays  that 
Newton  having  become  a  member  of  the  Royal  Society,  there  learned 
the  accurate  measurement  of  the  earth  by  Picard,  differing  very  much 
from  the  estimation  by  which  he  had  made  his  calculations  in  1886. 
And  M,  Biot,  in  his  Life  of  Newton,  published  in  the  Biographie  Uni- 
■Dersdle,  says,  "  According  to  conjeciMj-e,  about  the  month  of  June,  1682, 
NewtKn  being  in  London  at  a  meeting  of  tho  Eoyal  Society,  mention 
was  made  of  the  new  measure  of  a  degree  of  the  earth's  surface,  recently 
executed  in  France  by  Picard ;  and  great  praise  was  given  to  the  care 
tthich  had  been  employed  in  making  this  measure  exact." 

I  had  adopted  this  conjecture  as  a  fact  in  my  first  edition ;  but  it 
has  been  pointed  out  by  Prof.  Rigaud  {Rktorkal  Essay  on  the  First 
Publicatkm  of  the  Principia,  1838),  that  Pieard's  measurement  was 
probably  well  known  to  the  Follows  of  the  Boyal  Society  as  early 
as.ieYS,  there  being  an  account  of  the  results  of  it  given  in_the 
I  Transactions  for  that  year,  Newton  appears  to  have 
i  the  method  of  determining  that  a  body  might  describe  an 
ellipse  when  aot«d  upon  by  a  force  residing  in  the  focus,  and  varying 
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inversely  as  the  square  of  the  distance,  in  1679,  upon  occasion  of  Lis 
correspondence  with  Hooie.  In  1684,  at  Halley's  request,  he  returned 
to  the  subject,  and  in  February,  1685,  there  was  inserted  in  the  Regis- 
ter of  the  Eoyal  Society  a  paper  of  Newton's  (Isaaci  Ifewloni  Proposi- 
tiones  de  Molu)  which  contained  some  of  the  principal  Propositions  of 
the  first  two  Books  of  the  Prineyna.  Tliis  paper,  however,  does  not 
contain  lie  Proposition  "Lunam  gravitare  in  terrain,"  nor  any  of  the 
other  propositions  of  the  third  Book.  The  PrinHpia  was  printed  in 
1686  and  7,  apparently  at  the  expense  of  Halley.  On  the  6th  of  April, 
1687,  the  thud  Book  was  presented  to  the  Royal  Society.] 

It  does  not  appear,  I  think,  that  before  Ifewton,  philosophers  m  gen- 
eral had  supposed  that  terrestrial  gravity  was  the  very  force  by  which 
the  moon's  motions  are  produced.  Men  had,  as  we  have  seen,  taken 
up  the  conception  of  such  forces,  and  had  probably  called  them  grav- 
ity;  bnt  this  was  done  only  to  explain,  by  analogy,  what  iiW  of  forces 
they  were,  just  as  at  other  times  they  compared  them  with  magnetism ; 
and  it  did  not  imply  that  terrestrial  gravity  was  a  force  which  acted  in 
th  1  f  Ispaces.  AfterWcwtonhaddiscoverfd  that  this  wisb>  thp 
apj]  t  n  of  the  term  "gravity"  did  undoubtedly  convey  such  i  sug 
g  t  n  bit  we  should  err  if  wo  inferred  flora  this  (.omciden  e  of  ex 
p  ea  n  ihat  the  not  n  as  commonly  enteitamed  betoie  him  Thus 
Huygh  n  appear  t  use  language  which  may  be  mistaken  when  he 
aj  th  t  Bo  ell  was  of  p  nion  that  the  pnmary  planets  were  uiged 
by  "  gravity  towa  ds  the  sun,  and  the  satelhfes  towards  the  pnmanes 
The  notion  ot  te  re  t  al  g  a  ity,  as  being  actually  a  cosmiial  foice,  ii 
foreign  to  all  Borell  s  spe  ulations.'  But  Horrox,  as  early  aa  1635, 
appeara  to  ha  e  ente  ta  ned  the  true  view  on  this  aulject,  although  \i 
tiated  by  Keplen  n  erro  concerning  the  connection  between  the 
rotation  of  the  cent  al  body  and  its  effect  on  the  body  which  revolve'- 
about  it.  Thus  he  says,'  that  the  emanation  of  the  earth  carries  a  pro- 
jected stone  along  with  the  motion  of  the  earth,  just  in  the  same  way 
as  it  carries  the  moon  in  her  orbit;  and  that  this  force  is  greater  on 
the  atone  than  oa  the  moon,  because  the  distance  is  less. 

The  Proposition  in  which  Newton  has  stated  the  discovery  of  which 
we  are  now  speaking,  is  the  fourth  of  his  third  Book :  "  That  the  moon 
gravitates  to  the  earth,  and  by  the  force  of  gravity  is  perpetually  de- 

'  Onsmolhei-oii,  I.  2.  p.  720, 

'  1  liave  foiiad  ijo  jastanoe  ia  wliioli  the  word  is  bo  nsed  by  Mm. 
'  Jttnmomin  JfipfeKuna  d^ensa  et  promota,  oap.  S.    Sco  further  on  this  subject  in 
the  JdiMliona  to  this  volume. 
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fleeted  from  a  rectilinear  motion,  and  retained  in  licr  orbit."  The 
proof  consists  in  the  numerical  calculation,  of  which  he  only  gives  the 
elemente,  and  points  out  the  method ;  but  we  may  observe,  that  no 
small  degree  of  knowledge  of  the  way  in  which  astronomers  had  ob- 
tained tliese  elements,  and  judgment  in  selecting  among  them,  were 
necessary  :  thus,  the  mean  distance  of  the  moon  had  been  made  as  lit- 
tle as  flfty-six  and  a  half  semi  diameters  of  the  earth  by  Tycho,  and  as 
much  as  sixty-two  and  a  half  by  Kircher ;  Newton  gives  good  reasons 
for  adopting  sixty-one. 

The  i«rm  "  gravity,"  and  tlie  expression  "  to  gravitate,"  which,  as 
we  have  just  seen,  Newton  uses  of  the  moon,  were  to  receive  a  still 
wider  application  in  consequence  of  his  discoveries ;  but  in  order  to 
make  this  extension  clearer,  we  consider  it  as  a  separate  step, 

4.  Mutual  Attraction  of  all  the  Celestial  Bodies. — If  the  preceding 
parts  of  the  discovery  of  gravitation  were  comparatively  eaay  to  con- 
jecture, and  difBcult  to  prove,  this  was  much  mote  the  case  with  the 
part  of  which  we  have  now  to  speak,  the  attraction  ot  other  bodies, 
besides  the  central  ones,  upon  the  planets  and  'lati.llitea  If  the  math- 
ematical calculation  of  the  unmixed  effect  of  a  central  force  required 
transcendent  talents,  how  much  must  the  difficulty  be  increased,  when 
other  influences  prevented  those  firet  results  from  being  accurately  ver- 
ified, while  the  deviations  from  accuracy  were  far  more  complex  than 
the  original  action !  If  it  had  not  been  that  these  deviations,  though 
Burprisingly  numerous  and  complicated  in  their  nature,  were  very 
small  in  their  quantity,  it  would  have  been  impossible  for  the  intellect 
of  man  to  deal  with  the  subject ;  as  it  was,  the  struggle  with  its  diffi- 
culties is  oven  now  a  matter  of  wonder. 

The  conjecture  that  there  is  some  mutual  action  of  the  planets,  had 
been  put  forth  by  Hooke  in  his  Attempt  to  prove  the  Motion  of  the 
Harth  (1674).  It  followed,  ho  said,  from  his  doctrine,  that  not  only 
the  sun  and  moon  act  upon  the  course  and  motion  of  the  earth, 
but  that  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn,  have  also,  by  their 
attractive  power  a  considerable  influence  upon  the  motion  of  the  earth, 
and  tl  e  earlh  n  1  ko  ninner  po  verfully  affects  the  motions  of  those 
bod  es  And  BoroU  a  attemj  t  ng  to  form  "  theories"  of  the  satellites 
ofJupte  ha  1  seen  though  1  mly  and  confusedly,  the  probability  that 
the  s  n  o  Id  d  sturb  the  not  ons  of  these  bodies.  Thus  he  says 
(cap  14)  How  can  vie  bel  e  e  that  the  Mediceau  globes  arc  not, 
1  ke  other  \  lanet  mpelled  th  a  g  ■eater  velocity  ■when  they  approach 
the   un    and  thus  the    t         t   1    pon  by  two  moving  forces,  one  of 
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which  produces  their  proper  revolution  about  Jupiter,  tiie  other  regu- 
lates their  motion  round  the  sun."  And  in  another  place  (cap.  20), 
he  attempts  to  show  an  effect  of  tliis  principle  upon  the  inclination  of 
the  orbit;  though,  aa  might  he  expected,  without  any  real  result. 

The  case  irhich  most  obviously  suggests  the  notion  tliat  the  sun 
exerta  a  power  to  disturb  the  motions  of  secondary  planets  about  pri- 
mary onea,  might  seem  to  be  our  own  moon  ;  for  the  great  inequalities 
which  had  hitherto  been  discovered,  had  all,  except  the  firat,  or  ellip- 
tical anomaly,  a  reference  to  the  position  of  the  suu.  Nevertheless,  I 
do  not  know  that  any  one  had  attempted  thus  to  explain  the  curiously 
irregular  course  of  the  earth's  attendant.  To  calculate,  from  the  dis- 
tnrbing  agency,  the  amount  of  the  irregularities,  was  a  problem  which 
could  not,  at  any  former  period,  have  been  dreamt  of  as  likely  to  be  at 
any  time  within  the  verge  of  human  power. 

Newton  both  made  the  step  of  inferring  that  there  were  such  forces, 
and,  to  a  very  great  extent,  calculated  the  effects  of  them.  The  infer- 
ence is  made  on  mechanical  principles,  in  the  sixth  Theorem  of  the 
third  Book  of  the  Principia; — that  the  moon  is  attracted  by  the  sun, 
as  the  earth  is ; — that  the  satellites  of  Jupiter  and  Saturn  are  attracted 
as  the  primaries  are ;  in  the  same  manner,  and  with  the  same  forces. 
If  this  were  not  so,  it  is  shown  that  these  attendant  bodies  could  not 
accompany  the  principal  ones  in  the  regular  manner  in  which  they  do. 
All  those  bodies  at  equal  distances  h'om  the  sun  would  be  equally 
attracted. 

But  the  complexity  which  must  occur  in  tracing  the  results  of  this 
principle  will  easily  be  seen.  The  satellite  and  the  primary,  though 
nearly  at  the  same  distance,  and  iu  the  same  direction,  from  the  sun, 
are  not  exactly  so.  Moreover  the  difference  of  the  distances  and  of 
the  directions  is  perpetually  changing ;  and  if  the  motion  of  the  satel- 
lite be  eUiptical,  the  cycle  of  change  is  long  and  intricate :  on  this 
account  alone  the  effects  of  the  sun's  action  will  inevitably  follow  cycles 
as  long  and  as  perplexed  aa  those  of  the  position*  But  on  anothei 
account  they  will  be  still  more  complicated;  lor  in  the  continued 
action  of  a  force,  the  effect  which  takes  place  at  first,  modihea  and 
alters  the  effect  afterwards.  The  result  at  any  moment  is  the  sum  ot 
the  results  in  preceding  instants ;  and  since  the  terms,  in  thih  senes  oi 
instantaneous  effects,  follow  very  complex  rules,  the  sums  of  sttoh 
series  will  he,  it  might  be  expected,  ntterly  incapable  of  being  reduced 
to  any  manf^ahie  degree  of  simplicity. 

It  certainly  does  not  appear  that  any  one  hut  Newton  could  make 


Ho.ted  by  Google 


408  HISTORY    OP   PHYSICAL  ASTRONOMY. 

any  impress  this  p    bi  m,  u       f  p    1 1  m       N      iie  for 

sixty  years  ft  tl  p  bl  t  { ik  F  pta  I  tb  If  wton's 
methods,  a  ptthp         tdyhlUljth         f  any 

value  toh     Idt  Wkawththcalltpdllth     prin- 

cipal luna         q  il  tl  m     y    f  th  h     i       g         us  his 

processes ;   a   th  ly  h  It      B  t  wb   h     p        t  d  in  his 

beautiful  gmty       di      dJnh       mpl    p        pi  y  of  the 

inequalities  wkKhlft      t      hd      Thpd  t    ment  of 

synthesis,  so  effective  in  his  hands,  hsa  never  since  been  grasped  by 
one  who  could  use  it  for  such  purposes ;  and  we  gaze  at  it  with 
admiring  curiosity,  as  on  some  gigantic  implement  of  war,  which 
stands  idle  among  tlie  memorials  of  ancient  days,  and  makes  us  wonder 
what  manner  of  man  he  was  who  could  wield  as  a  weapon  what  we 
can  hardly  lift  as  a  burden. 

It  is  not  necessaiy  to  point  out  in  detail  the  sagacity  and  skill 
which  mark  this  part  of  the  PHndpia.  The  mode  in  which  the 
author  obtains  the  effect  of  a  disturbing  force  in  producing  a  motiofl 
of  the  apse  of  an  elliptical  orbit  (the  ninth  Section  of  the  first  Book), 
has  always  been  admired  for  its  ingenuity  and  elegance.  The  general 
statement  of  the  nature  of  the  principal  inequalities  produced  by  the 
sua  in  the  motion  of  a  satellite,  given  in  the  sixty-sixth  Proposition,  is, 
even  yet,  one  of  the  best  explanations  of  such  action;  and  the  calcu- 
lations of  the  quantity  of  the  effects  ia  the  third  Book,  for  instance, 
the  varialion  of  the  moon,  the  motion  of  the  riodea  and  its  inequalities, 
the  change  of  inclination  of  the  orbit, — are  full  of  beautiful  and  effica- 
cious artifices.  But  Ifewton's  inventive  faculty  was  exercised  to  an 
extent  greater  than  these  published  investigations  show.  In  several 
cases  he  has  suppressed  the  demonstration  of  his  method,  and  given 
us  tbe  result  only ;  either  from  haste  or  from  mere  weariness,  which 
might  well  overtake  one  who,  while  he  was  struggling  with  facts  and 
numbers,  with  difficulties  of  conception  and  practice,  was  aiming  also 
at  that  geometrical  elegance  of  exposition,  which  ho  considered  as 
alone  fit  for  the  public  eye.  Thus,  in  stating  the  effect  of  the  eccen- 
tricity of  tic  moon's  orbit  upon  the  motion  of  the  apogee,  he  says,^ 
"  The  computations,  as  too  intricate  and  embarrassed  with  approxima- 
tions, I  do  not  choose  to  introduce." 

The  computations  of  the  theoretical  motion  of  the  moon  being  thus 
.difficult,  and  its  irregularities  numerous  and  complex,  we  may  ask, 

'  Scliol.  to  Prop.  35,  first  odit. 
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whether  Newton's  reasoning  was  sufficient  to  establish  this  part  of  his 
theory;  Bamely,  that  her  actual  motions  arise  from  her  gi'avitation  to 
the  SUE.  And  to  this  we  may  reply,  that  it  was  sufficient  for  that 
purpose, — since  it  showed  that,  from  Newton's  hypothesis,  inequalides 
must  result,  following  the  laws  which  the  moon's  ineqnalities  were 
known  to  follow; — since  the  amount  of  the  inequalities  given  by  the 
theory  agreed  nearly  with  the  rules  which  astronomers  had  coUected 
from  observation ; — and  since,  by  the  very  intricacy  of  the  calculation, 
it  was  rendered  probable,  that  the  first  results  might  be  somewhat 
inaccurate,  and  thus  might  give  rise  to  the  sljll  remaining  differences 
between  the  calculations  and  the  facts.  A  Progression  of  the  Afoyee  ; 
a  Bigres^on  of  the  Ixodes  ;  and,  besides  the  Elliptical,  or  first  Inequal- 
ity, an  inequaliiy,  following  the  law  of  the  Eveetion,  or  second 
inequality  discovered  by  Ptolemy ;  another,  following  the  law  of  the 
Variation  discovered  by  Tjchoj^were  pointed  out  in  the  first  edition 
of  the  Frincipia,  as  tbe  consequences  of  the  theory.  Moreover,  the 
quantities  of  these  inequalities  were  calculated  and  compared  with 
observation  with  the  utmost  confidence,  and  the  agreement  m  most 
instances  was  striking.  The  Variation  agreed  with  Halley's  recent 
observations  within  a  minute  of  a  degree.'"  The  Moan  Motion  of  the 
Nodes  in  a  year  agreed  within  less  than  one-hundredth  of  the  whole." 
The  Equation  of  the  Motion  of  the  Nodes  aJso  agreed  well."  The 
Inclination  of  the  Plane  of  the  Orbit  to  the  ecliptic,  and  its  changes, 
according  to  the  different  situations  of  the  nodes,  likewise  agreed," 
The  Evection  has  been  already  noticed  as  encumbered  with  peculiar 
difflcultii^ :  here  the  accordance  was  less  close.  The  Difference  of  the 
daily  progress  of  the  Apogee  in  syzygy,  and  its  daily  Regress  in  Quad- 
ratures, is,  Newton  says,  "4j  minutes  by  the  Tables,  0f  by  1  u 
lation."  He  boldly  adds,  "I  suspect  this  difference  to  be  d  t  th 
fault  of  the  Tables."  In  the  second  edition  (17H)  he  add  d  th 
caleulation  of  several  other  inequalities,  as  the  Annual  Eqii  t  il 
discovered  by  Tyeho ;  and  ho  compared  them  with  more  r  t  1 
vations  made  by  Flamsfeed  at  Greenwich;  but  even  i  wh  t  h 
already  been  stated,  it  must  be  allowed  that  there  is  a  w  d  ful 
accordance  of  theory  with  phenomena,  both  being  very  con  pi  n  the 
rules  which  they  educe. 

Tlie  same  theory  which  gave  these  Inequalities  in  the  motion  of  the 
Moon  produced  by  the  disturbing  force  of  the  sun,  gave  also  corres- 

1°  B.  iii.  Prop.  39.  'i  Prop.  S2.  ''Prop.  33.  is  Prop.  35. 
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ponding  Inequalities  in  the  motions  of  the  Satollitea  of  other  planets, 
arising  from  the  same  cause;  and  likewise  pointed  out  the  necessary 
existence  of  irregularities  in  the  motions  of  fie  Planets  arising  from 
their  mutual  attraction.  Newton  gave  propositions  hy  which  the 
Irregularities  of  the  motion  of  Jupiter's  moons  might  be  deduced  from 
those  of  our  own  ;'^  and  it  was  shown  that  the  motions  of  tieir  nodes 
would  bo  slow  by  theory,  as  Flamsteed  had  found  it  to  be  by  observa- 
tion.'' But  Newton  did  not  attempt  to  calculate  the  effect  of  the 
mutual  action  of  the  planefs,  though  he  observes,  that  in  the  case  of 
Jupiter  and  Saturn  this  effect  is  too  considerable  to  be  neglected ;" 
and  he  notices  in  the  second  edition,"  that  it  follows  from  the  theory 
of  gravity,  that  the  aphelia  of  Mercury,  Venus,  the  Earth,  and  Mara, 
slightly  progress. 

In  ono  celebrated  instance,  indeed,  the  deviation  of  tho  thcoi'j  of 
the  Prindpia  from  observation  was  wider,  and  more  difficult  to  ex- 
plain; and  as  this  deviation  for  a  time  resisted  the  analysis  of  Euler 
and  Clairaut,  as  it  had  resisted  the  synthesis  of  Wewton,  it  at  one 
period  staggered  the  faith  of  mathematicians  in  the  exactness  of  the 
law  of  the  inverse  scjuare  of  the  distance.  I  speak  of  the  Motion  of 
the  Moon's  Apogee,  a  problem  which  has  already  been  referred  to ; 
and  in  which  Newton's  method,  and  all  the  methods  which  could  be 
devised  for  some  time  afterwards,  gave  only  half  the  observed  motion; 
a  drcumstance  -which  arose,  as  was  discovered  by  Clairaut  in  1T50, 
from  the  insufficiency  of  the  method  of  approximation,  Newton  does 
not  attempt  to  conceal  this  discrepancy.  After  calculating  what  tho 
motion  of  apse  would  be,  upon  the  assumption  of  a  disturbing  force  of 
the  same  amount  as  that  which  the  sun  exerts  on  the  moon,  he  simply 
says,'^  "  the  apse  of  the  moon  moves  about  twice  as  fast." 

The  difficnlty  of  doing  what  Newton  did  in  this  branch  of  the  sub- 
ject, and  the  powers  it  must  have  required,  may  be  judged  of  from 
what  has  already  been  stated ; — that  no  one,  with  his  methods,  has 
yet  been  able  to  add  any  thing  to  his  labors :  few  have  undertaken  to 
illustrate  what  he  has  written,  and  no  great  number  have  understood 
it  throughout.  The  extreme  complication  of  the  forces,  and  of  the 
conditions  under  which  they  act,  makes  the  subject  by  far  the  most 
thorny  walk  of  mathematics.     It  is  necessary  to  resolve  the  action 

"  B.  i,  Prop.  6B.  ■»  B.  iii.  Prop.  23,  "  B.  iii.  Prop.  13. 

"  SoLolIum  to  Prop,  14.  B.  iii. 

'»  B.  i.  Prop,  44,  aococd  edit.  There  is  reoson  to  believe,  liowovcr,  tliat  Newton 
liad,  in  hia  unpublisiied  oaloulationa,  raotified  this  diBCrepsnoy. 
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into  many  elements,  such  as  can  be  separated;  to  invent  artifices  for 
dealing  with  eacL  of  these ;  and  then  to  recompound  the  laws  thus  ob- 
tained into  one  common  conception.  The  moon's  motion  cannot  be 
conceived  without  comprehending  a  scheme  more  complex  than  the 
Ptolemaic  epicycles  and  eccentrics  in  their  worst  form;  and  the  com- 
ponent parts  of  the  system  are  not,  in  this  instance,  mere  geometrical 
ideas,  requiring  only  a  distinct  apprehension  of  relations  of  space  in 
order  to  hold  them  securely ;  they  are  the  foundations  of  mechanical 
notions,  and  require  to  be  grasped  so  that  we  can  apply  to  them  sonnd 
mechanical  reasonings.  Newton's  successors,  in  the  next  generation, 
abandoned  the  hope  of  imitating  him  in  this  intense  mental  effort ; 
they  gave  the  subject  over  to  the  operation  of  algebraical  reasoning,  in 
which  symbols  think  for  us,  without  our  dwelling  constantly  upon  their 
meaning,  and  obtain  for  us  the  consequences  which  result  from  the  re- 
lations of  space  and  the  laws  of  force,  however  complicated  be  the  con- 
ditions under  whioli  they  are  combined.  Even  Ifewton's  countrymen, 
though  they  wei*  long  before  they  applied  themselves  to  the  method 
thus  opposed  to  his,  did  not  produce  any  thing  which  showed  that 
they  had  mastered,  or  could  retrace,  the  Newtonian  investigations. 

Thus  the  Problem  of  Three  Bodies,"  treated  geometrically,  belongs 
exclusively  to  Newton ;  and  the  proofe  of  the  mutual  action  of  the  sun, 
planets,  and  satellites,  which  depend  upon  such  reasoning,  could  not  be 
discovered  by  any  one  but  him. 

But  we  have  not  yet  done  with  his  achievements  on  this  subject; 
for  some  of  the  most  remarkable  and  beautiful  of  the  reasonings  which 
he  connected  with  this  problem,  belong  to  the  next  step  of  his  gener- 


a.  Mutual  Ailraction  of  all  Particles  of  Matter. — That  all  the  parts 
of  the  universe  are  drawn  and  held  together  by  love,  or  harmony,  or 
some  affection  to  which,  among  other  names,  that  of  attraction  may 
have  been  given,  is  an  assertion  which  may  very  possibly  have  been 
made  at  various  times,  by  speculators  writing  at  random,  and  taJring 
their  chance  of  meaning  and  truth.  The  authors  of  such  casual  dog- 
mas have  generally  nothing  accurate  or  substantial,  either  in  their  con- 
ception of  the  general  proposition,  or  in  their  reference  to  examples  of 
it;  and,  therefore,  their  doctrines  are  no  concern  of  ours  at  present. 
But  among  those  who  were  really  the  first  to  think  of  the  mutual  at- 

"  See  Ihe  history  of  tta  Frdhlem  0/  Three  Bodies,  ante,  in  Book  vi.  Chap.  y\. 
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traction  of  matter,  we  cannot  help  noticing  Francis  Bacon  ;  for  his 
notions  were  so  far  from  heing  chargeable  ■with  the  looseness  and  indis- 
tinctness to  which  we  have  alludeii,  that  he  p  p  1  p  rim  nt°° 
which  was  to  decide  whetlier  the  facts  were  t  — wh  th  th 
gravity  of  bodies  to  the  earth  arose  from  an  att  t  n  i  th  p  t  f 
matter  towards  each  other,  or  was  a  tendency  t  w  d  th  t  f 
the  earth.  And  this  experiment  is,  even  to  th  day  f  th  b  t 
which  can  be  devised,  in  order  to  exhibit  the  1  gi  t  ti  n  f 
matter :  it  consists  in  the  comparison  of  the  rate  of  going  of  a  clock  in 
a  deep  mine,  and  on  a  high  place.  Hiiyghens,  in  his  book  De  Gam& 
ffravitatis,  published  in  1690,  showed  that  the  earth  wonld  have  an 
oblate  form,  in  consequence  of  the  action  of  the  centrifugal  force;  but 
his  reasoning  does  not  suppose  gravity  to  arise  from  the  mutual  attrac- 
tion of  the  parte  of  the  earth.  The  apparent  influence  of  the  moon 
upon  the  tides  had  long  been  remarked ;  but  no  one  had  made  any 
progress  in  truly  explaining  the  mechanism  of  this  influence;  and  all 
the  analogies  to  which  reference  had  been  made,  on  this  and  similar 
subjects,  as  magnetic  and  other  attractions,  were  rather  delusive  than 
illustrative,  since  they  represented  the  attraction  as  something  peculiar 
iu  particular  bodies,  depending  upon  the  nature  of  each  body. 

That  all  such  forces,  cosmical  and  terrestrial,  were  the  same  single 
foree,  and  that  ibis  was  nothing  more  than  the  insensible  attraction 
which  subsists  between  one  stone  and  another,  was  a  conception  equally 
bold  and  grand;  and  would  have  been  an  incomprehensible  thought, 
if  the  views  which  we  have  already  explained  had  not  prepared  the 
mind  for  it.  But  the  preceding  steps  having  disclosed,  between  all  the 
bodies  of  the  universe,  forces  of  the  same  kind  as  those  which  produce 
iho  weight  of  bodies  at  the  earth,  and,  therefo  h  t  y 

particle  of  terrestrial  matter ;  it  became  an  oh  "i      *        "^^  ^ 

such  forces  did  not  also  belong  to  all  particles    f  pi      t       m  tt         d 
whether  this  was  not,  in  fact,  the  whole  acco     t    f  th     f  t  th 

solar  system.    But,  supposing  this  oonjectur    to  b    th         g      t  d 
how  formidable,  on  first  appearance  at  least,  th        d    tak    g    f 

verifying  it  I    For  if  this  be  so,  every  finite  ma      f      tte  if 

whidh  are  the  result  of  the  infinitely  numero     f  f  t    p    t   1  s 

these  forces  acting  in  different  directions.     It  d  t    pj.  t  fir^t 

sight,  that  the  law  by  which  the  force  is  rel  t  1 1    th    d   f     ce  w  11 
be  the  same  for  the  particles  as  it  is  for  the  m-w  1  1  ty    t 

-'«  N'js.  Org.  Lib.  ii.  .Aph,  S6, 
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is  not  so,  except  in  special  cases.  'And,  again,  in  the  kstiiuco  of  any 
effect  produced  by  the  force  of  a  body,  tow  are  we  to  know  whether 
the  force  resides  in  the  whole  mass  as  a  nnit,  or  in  the  separate  parti- 
cles !  We  may  reason,  as  Newton  does,^'  that  the  rule  which  proves 
gravity  to  belong  universally  to  the  planets,  proves  it  also  to  belong  to 
their  parts ;  bnt  the  mind  will  not  be  satisfiefi  with  this  extension  of 
the  rule,  except  we  can  find  decbive  instances,  and  calculate  the  effects 
of  both  suppositions,  under  the  appropriate  conditions.  Accordingly, 
Newton  had  to  solve  a  new  series  of  problems  suggested  by  this  in- 
quiry; and  this  he  did. 

These  solutions  are  no  less  remartable  for  the  mathematical  powei' 
which  they  estibit,  than  the  other  parts  of  the  Principta.  The  prop- 
ositions in  which  it  is  shown  that  the  law  of  the  inveree  square  for 
the  particles  gives  the  same  law  for  spherical  masses,  have  that  kind  of 
beauty  which  might  well  have  justified  their  being  pubhshed  for  their 
mathematical  elegance  alone,  even  if  they  had  not  applied  to  any  real 
case.  Great  ingenuity  is  also  employed  in  other  instants,  as  in  the 
case  of  spheroids  of  small  eccentricity.  And  when  the  amount  of  the 
mechanical  action  of  masses  of  various  forms  Las  thus  been  ^signed, 
the  saga^aty  shown  in  tracing  the  results  of  such  action  in  the  solar 
system  ia  truly  admirable ;  not  only  the  general  nature  of  the  effect 
being  pointed  out,  bnt  its  quantity  calculated.  I  speak  in  particular 
of  the  reasonings  concerning  the  Figure  of  the  Earth,  the  Tides,  the 
Precession  of  the  Equinoxes,  the  Regression  of  fie  Nodes  of  a  ring 
such  OS  Saturn's ;  and  of  some  effects  which,  at  that  time,  had  not  been 
ascertwned  even  as  facte  of  observation ;  for  instance,  the  difference  of 
gravity  in, different  latitudes,  and  the  Nutation  of  the  earth's  axis.  It 
is  true,  that  in  most  of  these  cases,  Newton's  process  could  be  consid- 
ered only  aa  a  rude  approximation.  In  one  (the  Precession)  he  com- 
mitted an  error,  and  in  all,  his  means  of  calculation  were  insufficient. 
Indeed  these  are  much  more  difficult  investigations  than  the  Problem 
of  Three  Bodies,  in  which  three  points  act  on  each  other  by  explicit 
laws.  Up  to  this  day,  the  resources  of  modern  analysis  have  been  em- 
ployed upon  some  of  them  with  very  partial  success ;  and  the  facts,  in 
all  of  them,  required  to  be  accurately  ascertained  and  measured,  a  pro- 
cess which  is  not  completed  even  now.  Nevertheless  the  form  and 
nature  of  the  conclusions  which  Newton  did  obtain,  were  aueh  as  to 
inspire  a  strong  confidence  in  the  competency  of  his  theory  to  explain 

"  PHnoip.  B.  iii.  Prop.  7. 
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and  annual  equation  ot  the  moon,  showed  that  there  mu  t  le  many 
other  inequalities  besides  these  ;  sinco  these  resulted  from  ajj;rox  mate 
methods  of  calculation,  in  which  small  quantities  were  neglected  An  I 
it  was  known  that,  in  fact,  the  inequahties  hitherto  detected  by  astrono- 
mers did  not  give  the  place  of  the  moon  with  satisfactory  accuracy;  so 
that  there  was  room,  among  these  hitherto  untractahlo  irregularities, 
for  the  additional  results  of  the  theory.  To  work  ont  this  comparison 
was  the  employment  of  the  succeeding  century ;  but  Jfewton  began  it. 
Thus,  at  the  end  of  the  proposition  in  which  he  asserts,^  that  "all  the 
lunar  motions  and  their  irregularities  follow  from  the  principles  here 
stated,"  he  makes  the  observation  which  we  have  just  made;  and 
gives,  as  examples,  the  different  motions  of  the  apogee  and  nodes,  the 
difference  of  the  change  of  the  eccentricity,  and  the  difference  of  the 
moon's  variation,  according  to  the  different  dist  f  th  "  But 

this  inequality,"  he  says,  "in  astronomical  c  1    It  ally  re- 

ferred to  the  prosthapheereais  of  the  moon,  ai  d       f      d  d      th  it," 

Beflections  on  the  Discovery. — Such,  then,  the  g  t  N  wtonian 
Induction  of  TJniversal  Gravitation,  and  such  t  h  t  y  It  3  indis- 
putably and  incomparably  the  greatest  scientific  discovery  ever  made, 
whether  we  look  at  the  advance  which  it  involved,  the  extent  of  the 
truth  disclosed,  or  the  fundamonta!  and  satisfactory  nature  of  this  truth. 
As  to  the  first  point,  we  may  observe  that  any  one  of  the  five  stops  into 
which  we  have  separated  the  doctrine,  would,  of  itself,  Lave  been  con- 
sidered as  an  important  advance ; — would  have  conferred  distinction 
on  the  persona  who  made  it,  and  the  time  to  which  it  belonged.     All 

«  B.  iii.  Prop.  23. 


Ho.ted  by  Google 


INDUCTIVE  EPOCH  OF  NEWTON.  415 

the  five  steps  made  at  once,  formed  not  a  leap,  but  a  flight,— not  an 
improvement  merely,  hut  a  metamorphosis, — not  an  epoch,  hut  a  ter- 
minalion.  Astronomy  passed  at  once  from  ita  boyhood  to  mature  man- 
hood. Again,  with  regard  to  the  extent  of  the  ti'nth,  we  obtain  as  wide 
a  generalization  as  our  physical  knowledge  admits,  when  we  learn  that 
every  particle  of  matter,  in  all  times,  places,  and  circumstances,  attracts 
every  other  particle  in  the  universe  by  one  common  law  of  action.  And 
by  saying  that  the  truth  was  of  a  fundamental  and  satisfactory  nature, 
I  mean  that  it  assigned,  not  a  rule  merely,  but  a  cause,  for  the  heavenly 
motions ;  and  that  kind  of  cause  which  most  eminently  and  peouliarly 
we  distinctly  and  thoroughly  conceive,  namely,  mechanical  force.  Kep- 
ler's laws  were  laetely  formal  rules,  governing  the  celestial  motions  ac- 
cording to  the  relations  of  space,  time,  and  number ;  Newton's  was  a 
casual  law,  referring  these  motions  to  mechanical  reasons.  It  is  no 
doabt  conceivable  that  future  discoveries  may  both  extend  and  fiuther 
explain  Newton's  doctrines; — may  make  gravitation  a  case  of  some 
wider  law,  and  may  disclose  something  of  the  mode  in  which  it  oper- 
ates; questions  with  which  Newton  himself  struggled.  But,  in  the 
mean  time,  few  persona  will  dispute,  that  both  in  generality  and  pro- 
fundity, both  in  width  and  depth,  Newton's  theory  is  altogether  with- 
out a  rival  or  neighbor.^* 

The  requisite  conditions  of  such  a  discovery  in  the  mind  of  its  author 
were,  in  this  as  in  other  cases,  the  idea,  and  ita  comparison  with  facts; 
— the  conception  of  the  law,  and  the  moulding  this  conception  in  such 
a  form  as  to  correspond  with  known  realities.    The  idea  of  mechanical 


"  Tha  TsluB  and  nature  of  this  step  hasu  long  bcca  generaUj  aokaowledged 
wherever  Ecionce  ia  oiiItivKted.  Yet  it  would  appear  that  there  ia,  ia  one  part  of 
Europe,  a  school  of  philoaophara  who  contest  the  merit  of  this  part  of  Newton's 
discoveries.  "Kepler,"  eajs  a  celebrated  German  motaphjsitaan,*  "  discovered  the 
laws  of  ftee  moOon ;  a  discovery  of  immortal  glory.  It  has  since  boon  tho  feshion 
to  say  that  Nowton  first  found  out  the  proof  of  these  rules.  It  has  Beldom  liap- 
pened  that  the  glory  of  the  first  discoverer  has  been  more  unjustly  ti'ansfbrred  to 
another  person."  It  may  appear  strange  that  any  one  in  the  present  day  Bhould 
hold  such  language ;  but  if  we  esamino  the  reasons  whioli  this  author  gives,  they 
will  be  found,  I  think,  to  amount  to  this :  that  his  mind  ia  in  tie  eondliion  in  wMidi 
Kepler's  was ;  and  that  the  whole  range  of  meebanical  ideas  and  modes  of  eonoep- 
lion  which  made  tii^  tran^Uon  from  Kepler  and  Newton  possible,  are  extraneous 
to  the  domain  of  his  philosophy.  Even  iiiis  author,  however,  if  I  understand  Mm 
rightly,  recognizes  Newton  as  the  author  of  tho  doctrine  of  Perturbations. 

I  have  ^ven  a  further  account  of  these  views,  in  a  Memoir  On  Eegd'e  (MUdsm 
ofUhiitoiCe  Frwioi^ia.    Cambridge  Transactions,  1819. 
•  Hegel,  EncnaopisiUi.  S  37D, 
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force  as  tlio  cause  of  the  celestial  motions,  had,  as  we  have  seen,  heeD 
for  some  time  growiDg  up  in  men's  minds ;  had  gone  on  becoming 
more  distinct  and  more  general ;  and  bad,  in  some  persons,  approached 
tie  form  in  which  it  was  entertained  by  Nowton.  Still,  in  the  mere 
conception  of  universal  gravitation,  Newton  must  have  gone  far  beyond 
J  and  contemporaries,  both  in  generality  and  distinct- 
e  inventiveness  and  sagacity  with  which  he  traced  the 
consequences  of  tbis  conception,  he  was,  as  we  have  shown,  without  a 
rival,  and  almost  without  a  second.  As  to  the  facts  which  be  bad 
to  include  in  his  law,  they  had  been  accumulating  from  the  very 
birth  of  astronomy ;  but  those  which  he  had  more  peculiarly  to  take 
hold  o^  were  the  facfcg  of  the  planetary  motions  as  given  by  Kepler, 
and  those  of  the  moon's  motions  as  given  by  Tycho  Brabe  and  Jeremy 
Horrox. 

We  find  here  occasion  to  make  a  remark  which  is  important  in  ifa 
bearing  on  the  nature  of  progressive  science.  What  Newton  tbiis  used 
and  referred  to  as/aiiis,  were  the  iaws  which  his  predecessors  had  estab- 
lished. What  Kepler  and  Horrox  had  put  forth  as  "theories,"  were 
now  estabhshed  truths,  fit  to  be  used  in  the  construction  of  other  tbeo- 
riea.  It  is  in  this  manner  that  one  theory  is  built  upon  another; — 
that  we  rise  from  particulars  to  generals,  and  from  one  generalization 
to  another ; — that  we  have,  in  short,  successive  steps  of  induction.  As 
Newton's  laws  assumed  Kepler's,  Kepler's  laws  assumed  as  facts  the 
results  of  the  planetary  theory  of  Ptolemy ;  and  thus  the  theoiies  of 
each  generation  in  the  scientific  world  are  (when  thoroughly  verified 
and  established,  the  facta  of  the  next  generation.  Newton's  theory  is 
the  circle  of  generalization  which  includes  all  the  others ; — the  highest 
point  of  the  inductive  ascent ; — the  catastrophe  of  the  philosophic 
drama  to  which  Plato  bad  prologized ; — the  point  to  which  men's 
minds  bad  been  journeying  for  two  thousand  years. 

Character  of  JVewlim. — It  is  not  easy  to  anatomize  the  constitution 
and  the  operations  of  the  mind  which  makes  such  an  advance  in  knowl- 
edge. Yet  wo  may  observe  that  there  must  esist  in  it,  in  an  eminent 
degree,  the  elements  whith  compose  the  mathetnatical  talent.  It  must 
possess  distinctness  of  intuition,  tenacity  and  facility  in  tracing  logical 
connection,  fertility  of  )n\entioii,  and  a  strong  tendency  to  generalization. 
It  is  easy  to  discover  indications  of  these  characteristics  in  Newton, 
The  distinctness  pf  his  intuitions  of  space,  and  we  may  add  of  force 
also,  was  seen  in  the  amusements  of  his  youth  ;  in  his  constructing 
clocks  and  mills,  carts  and  dia!=,  is  well  as  the  facility  with  which  he 
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maateved  geometry.  This  fondness  for  handicraft  employments,  and 
for  makicg  models  and  machines,  appears  to  be  a  common  prehide  of 
excellence  Jn  physical  science ;"  probably  on  this  very  account,  that  it 
arises  from  the  distinctness  of  intuitive  power  with  wticJi  the  child 
conceives  the  shap^  and  the  working  of  such  materia!  combinations. 
Newton's  inventive  power  appears  in  the  number  and  variety  of  the 
matiematical  artifices  and  combinations  which  he  devised,  and  of 
which  his  books  are  full.  If  wo  conceive  the  operation  of  the  invent- 
ive faculty  in  the  only  way  in  which  it  appears  possible  to  conceive  it; 
— that  while  some  hidden  source  supplies  a  rapid  stream  of  possible 
suggestions,  the  mind  is  on  the  watch  to  seize  and  detain  any  one  of 
these  which  will  suit  the  esse  in  hand,  allowing  the  rest  to  pass  by  and 
be  forgotten; — we  shall  see  what  extraordinary  fertility  of  mind  is 
implied  by  so  many  successful  efforts ;  what  an  innijmorablo  host  of 
thoughts  must  have  been  produced,  to  supply  so  many  that  deserved 
to  be  selected.  And  since  the  selection  is  performed  by  tracing  the 
consequences  of  eaoh  suggestion,  so  as  to  compare  them  with  the  requi- 
site conditions,  we  see  also  what  rapidity  and  certainty  in  drawing 
conclusions  the  mind  must  possess  as  a  talent,  and  what  watchfulness 
and  patience  as  a  habit. 

The  hidden  fountain  of  oui  unbidden  thoughts  is  for  us  a  mystery; 
and  we  have,  in  our  consciousness,  no  standard  by  which  we  can  meas- 
ure our  own  talents;  bat  our  acts  and  habits  are  something  of  which 
we  are  conscious;  and  we  can  understand,  therefore,  how  it  was  that 
Uewton  could  not  admit  that  there  was  any  difference  between  himself 
and  other  men,  except  in  his  possession  of  such  habits  as  we  have  men- 
tioned, perseverance  and  vigilance.  When  he  was  asked  how  he  made 
his  discoveries,  he  answered,  "by  always  thinking  about  them ;"  and 
at  another  time  he  declared  that  if  he  had  done  any  thing,  it  was  doe 
to  nothing  but  industry  and  patient  thought ;  "  I  keep  the  subject  of 
my  incjuiry  constantly  before  me,  and  wait  till  the  first  dawniug  opens 
gradually,  by  little  and  little,  into  a  full  and  clear  light."  No  better 
account  can  be  given  of  the  nature  of  the  mental  effort  which  gives  to 
the  philosopher  the  full  benefit  of  his  powers;  but  the  natural  powers 
of  men's  minds  are  not  on  that  account  the  less  different.  There  are 
many  who  might  wmt  through  ages  of  darkness  mthout  being  visited 
by  any  dawn. 

The  habit  to  which  Newton  thus,  in  some  sense,  owed  his  discover- 
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ies,  this  constant  attention  to  the  rising  thought,  and  development  of 
its  results  in.  every  direction,  necessarily  engaged  and  absorbed  his 
spirit,  and  made  him  inattentive  and  almost  insensible  to  external  im- 
pressions and  common  impulses.  The  stories  which  arc  told  of  his  ex- 
treme absence  of  mind,  probably  refer  to  the  two  yeara  during  which 
he  was  composing  his  Princij  ta  and  th     f  11    n  g      t     t  f 

soning  the  most  fertile,  the  m    t      mpl  d  th  t    mj     t     t 

which  any  philosopher  had  hdt     Iil     th     Tl     mgfl     t 

and  striking  questions  whi  hd  thpdh  th        hi 

daily  rising  before  him ;  th    j  rp  t    1  f  d  &    It  j     hi 

of  which  the  solution  was  _  ry  t  1  g  t  bject ,  may  welt 
have  entirely  occupied  and  possessed  Mm,  "  He  existed  only  to  eal- 
culals  and  to  think.""  Often,  lost  in  meditation,  he  knew  not  what  he 
did,  and  his  mind  appeared  to  have  quite  forgotten  its  connection  with 
the  body.  His  servant  reported  that,  on  rising  in  a  morning,  he  fre- 
quently sat  a  large  portion  of  the  day,  half-dressed,  on  the  side  of  iis 
bed ;  and  that  his  meals  waited  on  the  table  for  hours  before  he  came  to 
take  them.  Even  with  his  transcendent  powers,  to  do  what  he  did  was 
almost  irreconcilable  with  the  common  conditions  of  human  life;  and 
required  the  utmost  devotion  of  thought,  energy  of  effort,  and  steadi- 
ness of  will — the  strongest  character,  as  well  as  the  highest  endow- 
mente,  which  belong  to  man. 

Newton  has  been  so  universally  considered  as  the  greatest  example 
of  a  natural  philosopher,  that  his  moral  qualities,  as  well  as  his  intel- 
lect, have  been  referred  to  as  models  of  the  philosophical  character; 
and  those  who  love  to  think  that  great  talents  are  naturally  associated 
with  virtue,  have  always  dwelt  with  pleasure  upon  the  views  given  of 
Newton  by  his  contemporaries ;  for  they  have  uniformly  represented 
him  as  candid  and  humble,  mild  and  good.  We  may  take  as  an  ex- 
ample of  the  impressions  prevalent  about  him  in  his  own  time,  the  ex- 
pressions of  Thomson,  in  the  Poem  on  his  Death.™ 


"  In  the  same  strain  wo  find  the  general  voice  of  the  time.  Per  instance,  oiio  of 
Loggan's  "  Views  of  Cambridge"  is  dedicated  "  laauco  Ncwtono .  .  Mathematieo, 
Physieo,  Chymico  eonsnnunatisBimo ;  nao  minus  Buavitate  morum  et  oandore 
animi . . .  epeotabili." 

In  oppo^tion  to  the  gener^  current  of  snoh  tastimon;,  we  have  the  oomplaints 
of  Flnmateed,  who  afloribes  fo  Hewton  angry  language  and  harsh  condnot  in  the 
.laattflT  of  the  publication  of  the  Greenwich  Observations,  and  of  WhiBton.  Yet  even 
Elameteed  speaks  well  of  his  general  disposition.  Whiaton  was  liimself  ho  weak 
and  prejudiced  that  his  testimony  is  worth  vcij  iittlo. 
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Say  ye  who  beat  can  tell,  ya  happy  few, 

Who  saw  hun  in  the  eofiaat  lights  of  hfe, 

All  unwUblieliil,  indulging  to  his  friends 

The  vaBtnnborrowed  treasures  of  his  mind. 

Oh,  speak  the  wondrous  man  I  how  mild,  how  calm. 

How  grefltty  hnmbla,  Low  divinely  good, 

How  Ann  established  on  etstnal  truth  1 

Fervent  in  doing  well,  with  every  nerve 

Still  pressing  on,  forgetful  of  the  past, 

And  panthig  for  perfeotjon ;  far  above 

Those  littJa  cares  and  visionary  joys 

That  so  perplex  the  fond  impasaoned  heart 

Of  ever-oheated,  ever-trustiug  man. 

[2d  Ed.]  [In  tte  first  edition  of  the  Principia,  published  in  1687, 
Newton  showed  that  the  nature  of  all  the  then  known  inequalities  of 
the  moon,  and  in  some  cases,  their  quantities,  ffiigUt  be  deduced  from 
the  prlaciples  which  he  laid  down :  but  the  determination  of  tte  amount 
and  law  of  most  of  the  inequalities  was  deferred  to  a  more  favorable 
opportunity,  when  he  might  be  furnished  with  better  astronomical  ob- 
servations. Such  observations  as  he  needed  for  this  purpose  had  been 
made  by  Plamsteed,  and  foi"  these  he  applied,  representing  how  miicli 
value  their  use  would  add  to  the  observations.  "  If,"  he  says,  in  1694, 
"  you  publish  them  without  such  a  theory  to  recommend  them,  they  will 
only  be  thrown  into  the  heap  of  the  observations  of  former  astronomers, 
till  somebody  shall  arise  tiat  by  perfecting  the  theory  of  the  moon  shall 
discover  your  observations  to  be  exacter  than  the  rest;  but  when  that 
shall  be,  God  knows  :  I  fear,  not  in  yqur  lifetime,  if  I  shonld  die  before 
it  is  done.  For  I  find  this  theory  so  very  intricate,  and  the  theory  of 
gravity  so  necessary  to  it,  that  I  am  satisfied  it  will  never  be  perfected 
but  by  somebody  who  understands  the  theory  of  gravity  as  well,  or 
better  than  I  do."  He  obtained  from  Flamsteed  the  lunar  observations 
for  wliich  he  applied,  and  by  uang  these  he  framed  the  Theory  of  the 
Moon  which  is  given  as  his  in  David  Gregory's  Aslrtmomiis  EUmmla^ 
He  also  obtained  from  Flamsteed  the  diameters  of  the  planets  as  ob- 
served at  various  times,  and  the  greatest  elongation  of  Jupiter's  Satel- 
lites, both  of  which,  Flamsteed  says,  he  made  use  of  in  his  Principia. 

Newton,  in  his  letters  to  Flan^teed  in  1694  and  5,  acknowledges 

"  In  the  Pre&oa  to  a  Treatise  on  iJynamws,  Part  i. ,  published  in  lESS,  I  have 
endeavored  to  abowthat  Newton's  raodes  of  determining  aevoral  of  the  lunar  in- 
oqualilies  admitted  of  an  occuracj  not  very  inferior  to  the  modern  analytical  motioda. 

="  Tiie  quarrel  on  fie  subject  of  the  pubiication  of  Flamsteed'a  Observations  took 
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Epoch  of  Newton. — RECEprion  oy  the 
Newtonian  Theory. 


Sect.  1. — General  Semarka. 

THE  doctrine  of  univoiaal  gravitation,  liko  other  great  steps  in  sci- 
ence, required  a  certain  time  to  make  its  way  into  men'a  minds  ; 
and  Iiad  to  be  confirmed,  illustrated,  and  completed,  by  the  labors  of 
succeeding  philosophers.  As  the  discovery  itself  was  great  beyond 
former  example,  the  features  of  the  natural  sequel  to  the  discovery 
were  also  on  a  giganijc  scale  ;  and  many  vast  and  laborious  trains  of 
research,  each  ot  which  might,  in  itself,  he  considered  as  forming  a 
wide  science,  and  several  of  which  have  occupied  many  profoiind  and 
zealous  inquirers  from  that  time  to  our  own  day,  come  before  ua  as  parts 
only  of  the  verification  of  Newton's  Theory.  Almost  every  thing  that 
has  been  done,  and  is  doing,  in  astronomy,  falls  inevitably  under  this 
description ;  and  it  is  only  when  the  astronomer  travels  to  the  very 
limits  of  his  vast  field  of  labor,  that  he  falls  in  with  phenomena  which 
do  not  acloiowledge  the  jurisdiction  of  the  Newtonian  legislation.  We 
must  giv        ma  h  n  h    pa  t  of  the  history  of 

astronom       b  am  n     b       tremely  brief  and 

imperfec  h       b  n  ad  ind  our  limits  are 

fixed  anc  h  d         h  h       stoiy  of  discover- 

ies, only  h       ph  And  though  the 


place  acntep      dFlm       d  wish  d  L  aljons  printed  com- 

plete and  Hal       w  d      h        li  IS  wto    and  others,  Imd  the 

managome  p  ad    m        al    ra  !□    aions,  which  Flftm- 

st9sd  oonijidered  bs  defonmng  and  spoiling  the  work  The  admmtages  of  publish- 
ihg  a  eompletl  scries  of  obBervations,  now  geiierail        d  rs      d  not  then 

Icnown  to  RBtronomsre  in  general,  though  well  know  F  is  d  d  earnestly 
inasteduponinhis  romonatrancea.  The  result  was  li  F  m  dp  ished  !iis 
Obaorvaljons  at  his  own  espenGa,  and  finally  obtain  d  perm  destroy  the 

oopiaa  printed  hy  Halley,  which  ho  did.    In  1726,  F  d     death,  his 

widow  applied  to  the  Vioo-Chanoellor  of  Oxford,  tequ         g  b  me  prhit- 

od  by  Halley  might  be  removed  out  of  the  Bodleian  1     ar     wh  ts,  as  be- 

ing "  nothing  mora  than  an  erroneous  abridgment  of  Mr.  Plnmstaed's  works,"  and 
onfitto  see  the  light. 
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astronomical  discoveries  of  the  last  century  are  by  no  meatis  poor,  even 
in  interest  of  this  kind,  the  generalizations  which  they  involve  are  far 
less  important  for  our  object,  in  consequence  of  being  included  in  a 
previous  generalization.  Newton  shines  out  so  brightly,  that  all  who 
follow  seem  faint  and  dim.  It  is  not  precisely  the  case  which  the  poet 
describes — 

Ab  in  a  thcntro  the  cyos  of  men, 
After  some  weli-graoed  actor  leaves  the  atsge, 
Arc  idly  bent  on  him  that  enters  next, 
Thinlsing  his  prattle  to  be  tedious  : 

bnt  our  eyes  aro  at  least  less  intently  hent  on  the  astronomers  who 
succeeded,  and  we  attend  to  their  communications  with  less  curiosity, 
because  we  know  the  end,  if  not  the  course  of  their  story;  we  know 
that  their  speeches  have  all  closed  with  Newton's  sublime  declaration, 
iisserted  in  some  new  form. 

Still,  however,  the  account  of  the  verification  and  extension  of  any 
great  discovery  is  a  highly  important  part  of  ita  history.  In  this  in- 
stance it  is  most  important ;  both  from  the  weight  and  dignity  of  the 
theory  concerned,  and  the  ingenuity  and  extent  of  the  methods  em- 
ployed :  and,  of  course,  so  long  as  the  Newtonian  theory  still  required 
verification,  tiio  queati  t  th  t  tl  1  I  h  d  of  such  a  grand  sys- 
tem of  doctrines  could  ntbt  tethmt  intense  curiosity.  In 
what  I  have  said,  I  am  ry  f  ir  1  m  vi  h  to  depreciate  the  value 
of  file  achievements  of  m  d  n  f  m  b  t  it  is  essential  to  my 
purpose  to  mark  the      bit  fnnwto  wider  truths — the 

different  character  and  mp  t  fth  1  b  r>  ftho^a  who  come  before 
and  after  the  promulgation  of  a  njast*r-truth.  With  this  warning  I 
now  proceed  to  my  narrative. 

Sect.  2. — SeeepHon  of  the  N'ewlonian  Theory  in  England. 

Thebb  appears  to  be  a  popular  pei-auasion  that  great  discoveries  are 
usually  received  with  a  prejudiced  and  contentious  opposition,  and  the 
autbore  of  them  neglected  or  persecuted.  The  reverse  of  this  was  cer- 
tainly the  case  in  England  with  regard  to  the  discoveries  of  Newton. 
As  we  have  already  seen,  even  before  they  were  published,  they  were 
proclaimed  by  Halley  to  be  something  of  transcendent  value ;  and 
from  the  moment  of  their  appearance,  they  rapidly  made  their  may 
from  one  class  of  thinkers  to  another,  nearly  as  fast  as  the  nature  of 
men's  intellectual  capacity  allows,     Halley,  Wren,  and  all  the  leading 
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members  of  the  Reyal  Society,  appear  to  have  embraced  the  system 
immediately  and  zealously.  Men  whose  pureuits  had  lain  rather  in 
literature  than  in  science,  and  who  had  not  the  knowledge  and  habits 
of  mind  which  the  strict  study  of  the  system  required,  adopted,  on  the 
credit  of  their  mathcniatical  friends,  the  highest  estimation  of  the  Prin- 
cipia,  and  a  strong  regai'd  for  ite  author,  as  Evelyn,  Locke,  and  Pepys. 
Only  five  years  after  the  publication,  the  principles  of  the  work  were 
referred  to  from  the  pulpit,  as  so  inconfestably  proveil  that  they  might 
be  made  the  baas  of  a  theological  argument.  This  was  done  by  Dr. 
Bentley,  wJien  he  preached  the  Boyle's  Lectures  in  London,  in  1692. 
Newton  himself,  from  the  time  when  his  work  appeared,  is  never  men- 
tioned except  in  terms  of  profound  admiration  ;  as,  for  instance,  when 
he  is  called  by  Dr.  Bentley,  in  hia  sermon,'  "  That  very  excellent  and 
divine  theorist,  Mr.  Isaac  Newton."  It  appears  to  have  been  soon  sug- 
gested, that  the  Government  ought  to  provide  in  some  way  for  a  per- 
son who  was  so  great  an  honor  to  the  nation.  Some  delay  took  place 
with  regard  to  this ;  but,  in  1695,  his  friend  Mr,  Montague,  afterwards 
Earl  of  Halifax,  at  that  time  Chancellor  of  the  Exchequer,  made  him 
Warden  of  the  Mint ;  and  in  1699,  he  succeeded  to  the  higher  office 
of  Master  of  the  Mint,  a  situation  worth  £1200  or  £1600  a  year,  which 
he  filled  to  the  end  of  his  life.  In  1703,  he  became  President  of  the 
Royal  Society,  and  was  annually  re-elect«d  to  tliis  office  during  the 
remaining  twenty-five  years  of  his  life.  In  1705,  he  was  knighted  in 
the  Master's  Lodge,  at  Trinity  College,  by  Queen  Anne,  then  on  a  visit 
to  the  University  of  Cambridge.  After  the  accession  of  Geotge  the 
First,  Newton's  conversation  was  frequently  sought  by  the  Princess, 
afterwards  Queen  Caroline,  who  had  a  taste  for  speculative  studios,  and 
was  often  heard  to  declare  in  public,  that  she  thought  herself  fortunaf* 
in  living  at  a  time  which  enabled  her  to  enjoy  the  society  of  so  great 
a  genius.  His  fame,  and  the  respect  paid  him,  went  on  increasing  to 
the  end  of  his  life;  and  when,  in  1727,  full  of  years  and  glory,  his 
earthly  career  was  ended,  his  death  was  mourned  as  a  national  calam- 
ity, with  the  forms  usually  confined  to  royalty.  His  body  lay  in  state 
in  the  Jenisalem  chamber;  his  pall  was  borne  by  the  first  nobles  of 
the  land ;  and  his  earthly  remains  were  deposited  in  the  centre  of 
Westminster  Abbey,  in  the  midst  of  the  memorials  of  the  g 
wisest  men  whom  England  has  produced. 
It  cannot  be  superfluous  to  say  a  word  or  two  on 
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a  tto  universities  of  England.  These  are  olten  Tcjih 
sented  as  places  whcTO  bigotry  and  ignorance  resist,  as  long  as  it  is 
possible  to  resist,  tte  invision  of  new  trnths.  We  cannot  doubt  tint 
such  opinions  have  prevailed  extensively,  when  we  find  an  intelligent 
and  generill}  tempeiate  writer,  like  the  late  Professor  Playtair  ot 
Edinbiitgh,  so  fai  poisessed  by  them,  as  to  be  incapable  of  seeing  ot 
mteipreting,  m  any  othei  wiy,  any  facts  respecting  Oxford  ■ind  Cam 
bridge  Yet,  notwithstanding  these  opinions,  it-will  be  found  that  ii 
the  English  universities  new  views,  whether  in  science  oi  m  otl  er 
subiects,  h-i^e  been  intrcluLed  as  soon  as  they  were  cleirly  estab 
Iishci  — that  they  have  been  diffused  from  the  few  to  the  many  moie 
rapidly  there  thin  elsewhere  occurs ; — and  that  from  these  points,  the 
light  ot  newly-discuvered  tniths  has  most  usually  spread  over  the  land. 
In  most  insta,nces  unioubtedly  there  has  been  something  of  a  struggle, 
on  such  occasions,  between  the  old  and  the  new  opinions.  Few  men's 
minds  can  at  once  shate  off  a  familiar  and  consistent  system  of  do*- 
trines,  and  adopt  a  novel  and  strange  set  of  principles  as  soon  as  pre- 
sented; but  all  can  see  that  one  change  produces  many,  and  that 
chaaige,  in  itself,  is  a  source  of  inconvenience  and  danger.  In  the  case 
of  the  admission  of  the  Newtonian  opinions  into  Cambridge  and 
Oxford,  however,  there  are  no  traces  even  of  a  struggle  Cartesianism 
had  never  struck  its  roots  deep  in  this  counti'y  that  is  the  pecuhav 
hypotheses  of  Descartes.  The  Cartesian  books  such  tor  instance,  as 
that  of  Rohault,  were  indeed  in  use  ■  and  with  good  leason  foi  they 
contained  by  far  the  best  treat  aes  o  most  of  the  physical  sc  ences, 
such  as  Mechanics,  Hydrostatco  Optics,  and  Formal  Astronomy, 
which  could  then  be  tound  But  I  do  not  conceive  that  the  "V  orticcs 
were  ever  dwelt  upon  as  a  n  attcr  of  importance  in  our  academic 
teaching.  At  any  late  I  the>  ere  brought  among  us,  they  were 
soon  dissipated.  Newton  s  College,  and  his  TJEiversity,  exulted  in  his 
fame,  and  did  their  utmost  to  honor  and  aid  him.  Ho  was  exempted 
by  the  king  from  the  obligation  of  taking  orders,  under  which  the 
feCows  of  Trinity  College  in  general  are ;  by  his  college  ho  was  relieved 
from  all  offices  which  might  interfere,  however  slightiy,  with  his  stu- 
dious employments,  though  he  resided  within  the  walls  of  the  society 
thirty-five  years,  almost  without  the  interruption  of  a  month.'  By  the 
University  he  was  elected  their  representative  in  parliament  in  1688, 

"  His  name  is  nowhere  found  on  the  eoUcga-boota,  ss  appointsd  to  any  of  the 
offices  whieh  Hsually  pass  down  the  list  of  resident  fellows  in  rotation.  This  might 
beowineicpart.lioivever,  to  his  being  LiicaBianProfosRor.    The  constancy  of  his 
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and  agaia  in  1701 ;  and  though  he  was  rejected  in  the  dissolution  of 
1705,  those  who  opposed  him  acinowledged  him'  to  be  "the  glory  of 
the  University  and  nafion,"  but  considered  the  question  as  a  political 
one,  and  Wewton  as  sent  "  to  tempt  them  from  their  duty,  hy  the  great 
and  just  veneration  they  had  for  him,"  Instruments  and  other  memo- 
rials, valued  because  they  belonged  to  him,  are  still  preserved  iu  his 
college,  along  with  the  tradition  of  the  chambers  which  he  occupied. 

The  most  active  and  powerful  minds  at  Cambridge  became  at  once 
disciples  and  followers  of  Ifewton,  Samuel  Clarke,  afterwards  his 
friend,  defended  in  the  public  schools  a  thesis  taten  from  his  philos- 
ophy, as  early  as  1694;  and  in  1697  published 'an  edition  of  Eohault's 
PAysJcs,  with  notes,  in  which  Wewtou  is  frequentlj  leferrcd  to  with 
expressions  of  profound  respect^  though  the  leidmg  doctnucs  of  the 
Prindpa  are  not  introduced  till  a  later  edition,  in  1703  In  1699 
Bentley,  whom  we  have  already  mentioned  is  a  Newtonian,  became 
Master  of  Trinity  College;  and  in  the  same  yeii,  Whistoii,  inothei  of 
Newton's  disciples,  was  appointed  his  dt,pufy  as  profi'-soi  of  mathe 
maljcs.  Whiston  delivered  the  Newtonnn  doctimes,  both  tiom  the 
professor's  chair,  and  in  works  written  tor  the  use  of  the  University , 
yet  it  is  remarkable  that  a  taunt  respecting  the  late  mtioduction  ot 
the  Newtonian  system  into  the  Cambridge  course  of  education,  hi« 
been  founded  on  some  peevish  expiessions  whii,h  he  uses  m  his 
Memoirs,  written  at  a  period  when,  having  incurrel  expulsion  from 
his  professorship  and  the  University,  he  was  naturiUy  querulous  and 
jaundiced  in  his  views.  In  1709-10,  Dr  Laughton,  -nho  wts  tutoi  in 
Clare  Hall,  procured  himself  to  be  appointed  moderator  of  Ihe  Univer 
sity  disputations,  in  order  to  promote  the  diffusion  of  the  new  mathe- 
matical doctrines.  By  this  time  the  first  edition  of  the  Prindpia  was 
become  rare,  and  fetched  a  great  price.  Bentley  urged  Newton  to 
publish  a  new  one;  and  Cotes,  by  far  the  first,  at  that  time,  of  the 
mathematioians  of  Cambridge,  undertook  to  supenntend  the  printing, 
and  the  edition  was  accordingly  published  in  1V13. 

[2d  Ed.]  [I  perceive  that  my  accomplished  German  ti-anslator,  Lit- 
trow,  has  incautiously  copied  the  insinuations  of  some  modern  writers 
to  the  effect  that  Clarke's  reference  to  Newton,  in  his  Edition  of 
Rohault's  Physics,  was  a  mode  of  introducing  Newtonian  doctrines 
covertly,  wlien  it  was  not  allowed  him  to  introduce  such  novelties 

resideaoe  in  college  appears  fiom  lis  acit  and  redil  book  of  that  time,  whioli  is 
still  praaervetl. 

5  A  pamplilet  by  Stjim  Tliurlby, 


Ho.ted  by  Google 


SEQUEL  TO  THE  EPOCH  OF  NEWTON.  425 

openly.  I  am  quite  sure  that  any  oae  who  looks  into  this  matter  will 
see  that  this  supposition  of  any  unwillingness  at  Cambridge  to  receive 
Newton's  doctrine  is  quite  absurd,  and  can  pi-ove  nothing  but  the 
intense  prejudices  of  those  who  maintmn  such  an  opinion.  Newton 
veceired  and  held  his  professorship  amid  the  unexampled  admiration 
of  all  contemporary  members  of  the  University,  Whaston,  who  is 
sometimes  brought  as  an  evidence  against  Cambridge  on  this  point, 
says,  "  I  with  immense  pains  set  myself  with  the  utmost  zeal  to  the 
study  of  Sir  taae  Newton's  wonderful  discoveries  in  his  Philosopkim 
Naturalis  PriticixnaMathfmaiica,  one  or  two  of  which  lecturesl  had 
heard  him  read  in  the  puhUe  schools,  though  I  understood  them  not  at 
the  time,"  As  to  Rohault's  Physics,  it  really  did  contain  the  best  me- 
chanical philosophy  of  the  time ; — the  doctrines  which  were  held  by 
Descartes  in  common  with  Galileo,  and  with  al!  the  sound  mathema- 
ticians who  succeeded  them.  Nor  does  it  look  like  any  great  antip- 
athy to  novelty  in  the  University  of  Cambridge,  that  this  book,  which 
was  quite  as  novel  in  its  docti'ines  as  Newton's  Principia,  and  which 
had  only  been  pnbliahed  at  Paris  in  1671,  had  obtained  a  firm  hold 
on  the  University  in  less  than  twenty  years.  Nor  is  there  any  attempt 
made  in  Clarke's  notes  to  conceal  the  novelty  of  Newton's  discoveries, 
but  on  the  contrary,  admiration  is  claimed  for  them  as  new. 

The  promptitude  with  whicii  the  Mathematicians  of  the  University 
of  Cambridge  adopted  the  best  parts  of  the  mechanical  philosophy  of 
Descartes,  and  the  greater  philosophy  of  Newton,  in  the  seventeenth 
century,  has  been  paralleled  in  om'  own  times,  in  the  promptitude  with 
which  they  have  adopted  and  followed  into  their  consequences  the 
Mathematical  Theory  of  Heat  of  Fourier  and  Laplace,  and  the  Undu- 
latory  Theory  of  Light  of  Young  and  Fresnel. 

In  Newton's  CoDege,  we  possess,  besides  the  memorials  of  him  men- 
tioned above  (which  include  two  locks  of  his  silver-white  hair),  a  paper 
in  his  own  handwriting,  describing  the  preparatory  reading  which  was 
necessary  in  order  that  our  College  students  might  be  able  to  read  the 
Principia.  I  have  printed  this  paper  in  the  Preface  to  my  Edition  of 
the  First  Tliree  Sections  of  the  Principia  in  the  original  Latin  (1846). 

Bentley,  who  had  expressed  his  admiration  for  Newton  in  his  Boyle's 
Lectures  in  1692,  was  made  Master  of  the  College  in  1699,  as  I  have 
stated ;  and  partly,  no  doubt,  in  consequence  of  the  Newtonian  sermons 
which  he  had  preached.  In  his  administration  of  the  College,  he 
zealously  stimulated  and  assisted  the  exertions  of  Cofes,  Whiston,  and 
other  disciples  of  Newton.     Smith,  Bentley's  successor  as  Master  of 
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the  College,  erected  a  statue  of  Newton  in  the  College  Chapel  (s  noble 
wort  of  Kouhiliac),  with  the  inscripfion,  Qui  gmus  huTmnum  ht^emo 

At  Oxford,  David  Gregory  and  Halley,  both  zealous  and  distinguish- 
ed disciples  of  Newton,  obtained  the  Savilian  professorships  of  astron- 
omy and  geometry  in.  1691  and  1703. 

David  Gregory's  AstronowJite  Physkm  et  Cfeometric<E  Eiementa  is- 
sued from  the  Oxford  Press  in  1702.  The  author,  in  the  first  sentence 
of  the  Preface,  states  his  object  to  he  to  explain  tlie  mechanics  of  the 
universe  {Phyaica  Cojlestis),  which  Isaac  Newton,  the  Prince  of  Geom- 
eters, has  carried  to  a  point  of  elevation  which  al!  look  up  to  with  ad- 
miration. And  this  design  is  executed  by  a  fnll  exposition  of  the 
Newtonian  doctrines  and  their  results.  Keill,  a  pupil  of  Gregory,  fol- 
lowed his  tutor  to  Oxford,  and  taught  the  Newtonian  philosophy  there 
in  1700,  being  then  Deputy  Sedleian  Professor,  He  illustrated  his 
lectures  by  experiments,  and  published  an  Introduction  to  the  Prin- 
eiput  which  is  not  out  of  use  even  yet. 

In  Scotland,  the  Newtonian  philosophy  was  accepted  with  great 
alacrity,  as  appears  by  the  instances  of  David  Gregory  and  Keill. 
David  Gregory  was  professor  at  Edinburgh  before  he  removed  to  Ox- 
ford, and  was  succeeded  there  by  his  brother  James.  The  latter  had, 
as  early  as  1890,  printed  a  thesis,  containing  in  twenty-two  proposi- 
tions, a  compend  of  Newton's  Prindpia,''  Probably  these  were  in- 
tended as  theses  for  academical  disputations ;  as  Laughton  at  Cam- 
bridge introduced  the  Newtonian  philosophy  into  these  exercises.  The 
formula  at  Cambridge,  in  use  till  very  recently  in  these  disputations, 
was  "Hecte  statuit  Newtonus  de  Moiv.  I/awsf  or  the  like. 

The  general  diifusion  of  these  opinions  in  England  took  place,  not 
only  by  means  of  books,  hut  through  the  labors  of  various  experimen- 
tal lecturers,  like  Desaguliers,  who  removed  from  Oxford  to  London  in 
1713;  when  he  informs  us,' that  "he  found  the  Newtonian  philosophy 
generally  received  among  persons  of  all  ranks  and  professions,  and 
even  among  the  ladies  by  the  help  of  experiments." 


*  See  Huttoii's  Math.  Skt.,  art.  Jamea  Gregory.  If  it  fell  in  with,  my  pica  to  no- 
tjoe  derivative  works,  I  migiit  apeak  of  Maolaoriji'a  admiralila  Accoant  of  Sir  Isaac 
JKfU'few.'s  LiscDnerUs^  publishecl  in  1748.  This  is  stiU  one  of  the  lieBt  boots  on  the 
Hnbjeot.  Ttia  lata  Professor  lUgaud's  Bintoriml  Sasay  on,  ike  First  PvNuniliBii  ^ 
Sir  Isaac  Matim'e  "Principia"  (Oxf.  1833)  eontiuiia  a  cacafnl  and  candid  view  of 
tlie  eircumetances  of  that  ovont. 
'  Dosag.  P''«f. 
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"VVe  might  easily  trace  in  our  literature  Judications  of  tlie  gi'adual 
progress  of  the  Newtonian  doctrines.  For  instance,  in  the  earlier  edi- 
liona  of  Pope's  Bunciad,  this  couplet  occurred,  in  the  description  of 
the  effects  of  the  reign  of  Dulness : 

Ph'l        'a     that  reaohed  the  heaveus  boforo, 


"And  this,  j  h  ed  t  Warburton,  "was  intended  as  a  censure 
on  the  Newt  n  a  ph  !  phy.  For  the  poet  had  been  misled  by  the 
prejndlues  of  f  rs  is   f  that  philosophy  had  recurred  to  tJie  oc- 

cult qualiti  f  A  t  tl  This  was  the  idea  he  received  of  it  from  a 
man  educated  much  abroad,  who  Iiad  read  eveiy  thing,  but  every  thing 
superficially.'  When  I  hinted  to  tiui  how  ho  had  been  imposed  upon, 
ha  changed  the  lines  with  great  pleasure  into  a  compliment  {as  tliey 
now  stand)  on  that  divine  genins,  and  a  satire  on  that  very  folly  by 
which  he  himself  had  been  misled."     In  lliZ  it  was  printed, 


The  Newtonians  repelled  the  chai^  of  dealing  in  occult  causes ;'  and, 
referring  gravity  to  the  will  of  the  Deity,  as  the  First  Cause,  assumed 
a  superiority  over  those  whose  philosophy  rested  in  second  causes. 

To  the  cordial  reception  of  the  Newtonian  theory  by  the  English 
astronomers,  there  is  only  one  conspicuous  exception ;  which  is,  how- 
ever, one  of  some  note,  being  no  other  than  Flamsteed,  the  Astron- 
omer Eoyal,  a  mcst  laborious  and  esact  observer.  Flamsteed  at  iirst 
listened  with  complacency  to  the  promises  of  improvements  in  the 
Lunar  Tables,  which  the  new  doctrines  held  forth,  and  was  willing  to 
assist  Newton,  and  to  receive  assistance  from  him.  But  after  a  time, 
he  lost  his  respect  for  Newton's  theory,  and  ceased  to  take  any  inter- 
est in  it  He  then  declared  to  one  of  his  correspondents,*  "  I  have 
determined  to  lay  these  crotchets  of  Sir  Isaac  Kewton's  wholly  aside." 
We  need  not,  however,  find  any  difficulty  in  this,  if  we  recollect  that 
Flamsteed,  though  a  good  observer,  was  no  philMopher  ;— never  un- 
derstood by  a  Theory  any  thing  more  than  a  Formula  which  should 
predict  results -,— and  was  incapable  of  comprehending  the  object  of 
Kewton's  theory,  which  was  to  asagn  causes  as  well  as  rnles,  and  to 
satisfy  the  conditions  of  Mechanics  as  well  as  of  Geometry. 

'  I  presume  lioUiigbrolte  ia  here  mcttnt.        '  See  Cotoa's  Ptef.  to  the  Frinnipia. 
8  Bdly's  Amnatt  of  Flamsfeed,  c6e,,  p.  809, 
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[2ii  Ed.]  [I  do  not  see  any  reason  to  retract  what  was  thus  said; 
hut  it  ought  perhaps  to  he  distinctly  said  that  on  these  very  accounts 
Flamsteed's  rejection  of  Newton's  rules  did  not  imply  a  denial  of  the 
doctrine  of  gravitation.  In  the  letter  ahovo  quoted,  Flamsteed  saya 
that  he  has  beeu  employed  upon  the  Moon,  and  that "  the  heavens 
reject  that  equation  of  Sir  I.  Newton  which  Gregory  and  Newton 
called  his  sixth :  I  had  then  [when  he  wrote  before]  compared  but  '73 
of  my  observations  with  the  tables,  now  I  have  examined  above  100 
more.  I  find  them  all  firm  in  the  same,  and  the  seventh  [equation] 
too."    And  thereupon  he  comes  to  the  determination  above  stated. 

At  an  earlier  period  Flamsteed,  as  I  have  said,  bad  received  New- 
ton's suggestions  with  great  deference,  and  had  regulated  his  own  oh- 
aervations  and  theories  with  reference  to  them.  The  calculation  of  the 
lunar  inequalities  upon  the  theory  of  gravitalioa  was  found  by  Newton 
and  his  successors  to  bo  a  more  difficult  and  laborious  tn&k  than  ho 
had  anticipated,  and  was  not  performed  without  several  trials  and  er- 
rors. One  of  the  equations  was  at  first  published  (in  Gregory's  Astro- 
nomite  JSlementa)  with  a  wrong  sign.  And  when  Newton  had  done 
all,  Flamsteed  found  that  the  rules  were  far  from  coming  up  to  tie 
degree  of  accuracy  which  hid  been  claimed  for  them,  that  thoy  could 
give  the  moon's  place  true  to  2  oi  3  mmutes  It  was  not  till  consider- 
ably later  that  this  amount  of  exactness  was  attained. 

The  late  Mr.  Baily,  to  whom  -tttiunomy  and  astronomical  literature 
are  so  deeply  indebted,  in  his  Supplemtnt  to  the  Account  of  Flamsteed, 
has  examined  with  great  core  and  great  candor  the  assertion  that 
Flamsteed  did  not  understand  Newton's  Theory.  He  remarks,  very 
justly,  that  what  Newton  himself  at  first  presented  as  his  Theory,  might 
more  properly  be  called  Rules  for  computiug  lunar  tables,  than  a  phys- 
ical Theory  in  the  modom  acceptation  of  the  term.  He  shows,  too, 
that  Flamsteed  had  read  the  Frincipia  with  attention.'  Nor  do  I 
doubt  that  many  considerable  mathematicians  gave  the  same  imperfect 
assent  to  Newton's  doctrine  which  Flamsteed  did.  But  when  we  find 
that  others,  as  Halley,  David  Gregory,  and  Cotes,  at  once  not  only  saw 
in  the  doctrine  a  source  of  true  formulse,  but  also  a  magnificent  phys- 
ical discovery,  we  are  obliged,  I  think,  to  make  Flamsteed,  in  this  re- 
spect, an  exception  to  the  fiiat  class  of  astronomers  of  his  own  time. 

Mr.  Baily's  suggestion  that  the  annual  equations  for  the  eorrectJons 
of  the  lunar  apogee  and  node  were  collected  from  Flamsteed's  tables 

-   Syp   p.  691. 
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and  observations  independently  of  their  suggestion  by  B^ewton  as  the 
results  of  Theory  (Supp.  p-  692,  Wote,  and  p.  698),  appears  to  me  not 
to  he  adequately  supported  by  the  evidence  given.] 

Sect.  3. — Reception  of  tke  Newtonian  Theory  abroad. 

The  reception  of  the  Newtonian  theory  on  the  Continent,  was 
much  more  tardy  and  unwilUng  than  in  its  native  island.  Even  those 
wiioae  mathematical  attainments  most  fitted  them  to  appreciate  its 
proofe,  were  prevented  by  some  peculiarity  of  view  froin  adopting  it 
as  a  system ;  &s  Leibnitz,  Bernoulli,  Huyghens ;  who  all  clung  to  one 
modification  or  other  of  the  system  of  vortices.  In  France,  the  Car- 
tesian system  had  obtained  a  »vide  and  popular  reception,  having  been 
recommended  by  Fontenelle  with  the  graces  of  his  style ;  and  its  em- 
pire was  so  firm  and  well  established  in  that  country,  that  it  resisted 
for  a  long  time  the  pressure  of  Wewtonian  arguments.  Indeed,  the 
Newtonian  opinions  had  scarcely  any  disciples  in  France,  till  Voltaire 
asserted  their  claims,  on  his  return  from  England  in  1728:  until 
then,  as  he  himself  says,  there  were  not  twenty  Newtonians  out  of 


The  hold  which  the  Philosophy  of  Descartes  had  upon  the  minds 
of  his  countrymen  is,  perhaps,  not  surprising.  He  really  had  the 
merit,  a  groat  one  in  the  history  of  science,  of  having  completely 
overturned  the  Aristotelian  system,  and  introduced  the  philosophy  of 
matter  and  motion.  In  all  branches  of  mixed  mathematics,  as  we 
have  already  said,  Hs  followers  were  the  best  guides  who  had  yet  ap- 
peared. His  hypothesis  of  vortices,  as  an  explanation  of  the  celestial 
motions,  had  an  apparent  advantage  over  the  Newtonian  doctrine,  in 
this  respect; — that  it  referred  effects  to  the  most  intelligible,  or  at 
least  most  familial  kinds  of  mechanical  causation,  namely,  pressure 
and  impulse.  And  above  all,  the  system  was  acceptable  to  most 
minds,  in  consequence  of  being,  as  was  pretended,  deduced  from  a  few 
simple  principles  by  necessary  consequences ;  and  of  being  also  di- 
rectly connected  with  metaphysical  and  theological  speculations.  "We 
may  add,  that  it  was  modified  by  its  mathematical  adherents  in  such 
a  way  as  to  remove  most  of  the  objections  to  it.  A  vortex  revolving 
about  a  centre  could  be  constructed,  or  at  least  it  was  supposed  that  it 
could  be  ■  constructed,  so  as  to  produce  a  tendency  of  bodies  to  the 
centre.  In  all  cases,  therefore,  where  a  central  force  acted,  a  vortex 
;  but  in  reasoning  to  the  results  of  this  hypothesis,  it  was 
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easy  to  leave  out  of  sigtt  all  other  effects  of  the  vortes,  and  to  con- 
sider only  the  central  force ;  and  when  this  was  done,  the  Cartesian 
mathematician  could  apply  to  his  problems  a  mechanical  principle  of 
some  degree  of  consistency.  This  reflection  will,  in  some  degree, 
account  for  what  at  first  seems  so  strange  ;^the  fact  that  the  language 
of  the  French  mathematicians  is  Cartesian,  for  almost  half  a  century 
after  the  publication  of  the  Principia  of  Newton. 

There  was,  however,  a  controveray  between  the  two  opinions  going 
on  all  this  time,  and  every  day  showed  the  insurmountable  difBculties 
under  which  the  Cartesians  labored.  Newton,  in  the  Principia,  had 
inserted  a  series  of  propositions,  the  object  of  which  was  to  prove,  that 
the  machinery  of  vortices  could  not  he  accommodated  to  one  part  of 
the  celestial  phenomena,  without  contradicting  another  part.  A  more 
obvious  difficulty  was  the  case  of  gravity  of  the  earth ;  if  this  force 
arose,  as  Descartes  asserted,  from  the  rotation  of  the  earth's  vortex 
about  ite  axis,  it  ought  to  tend  directly  to  the  axis,  and  not  to  the 
centre.  The  asserters  of  vortices  often  tried  their  skill  in  remedying 
this  vice  in  the  hypothesis,  hut  never  with  much  success.  Huyghens 
supposed  the  ethereal  matter  of  the  vortices  to  revolve  about  the 
centre  in  all  directions;  Perranlt  made  the  strata  of  the  vortex  in- 
crease in  velocity  of  rotation  as  they  recede  from  the  centre ;  Saurin 
maintained  that  the  circumambient  resistance  which  comprises  the 
vortex  will  produce  a  pressure  passing  through  the  centre.  The  elliptic 
form  of  the  orbits  of  the  planets  was  another  difficulty.  Descartes  had 
supposed  the  vortices  themselves  to  be  oval ;  hut  others,  as  John  Ber- 
noulli, contrived  ways  of  having  elliptical  motion  in  a  circular  vortex. 

Th  m  th  m  t  al  p  e-q  t  p  p  d  bj  th  F  h  A  ademy, 
n  tu    lly  b        ht  th    t  ts    t    j  to        fl   t     Th    Carte- 

m  f  J  h    E  11    t    wh   h        h        j    t     f      d,  was 

th  wh    h  g        1  th    p  l'?30      It       t       f   q      tly  hap- 

pe    d  th  t  th    A     1  my         f  J  t     h        t        1  rt  1  ty,  di- 

d  1  th    p        I  tw    n  th    C  tes  1   "V  wto  Thus  in 

1134  th    1     t   n  b  tl        use    f  th         1     t   n    f  th       bits  of 

th    pi  n  fa  tl     1  as  hai   1  b  tw        J  h     E  to     11       J    se  Me- 

mwfldthjtmft  dh  Dl,  who 

was  a  Newtonian,  The  last  act  of  homage  of  this  kind  to  the  Carte- 
sian system  was  performed  in  ItiO,  when  the  prize  on  the  question  of 
the  Tides  was  distributed  between  Daniel  Bernoulli,  Euler,  Maclaurin, 
and  Cavallieri ;  the  last  of  whom  had  tried  to  patch  up  and  amend 
the  Cartesian  hypothesis  on  this,  subject. 
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Thus  the  Newtonian  system  waa  not  adopted  in  Franco  till  tlie 
Carf^aiatt  generation  had  died  oiF;  Fontenelle,  who  was  secretary  to 
the  Academy  of  Sciences,  and  who  lived  till  1'756,  died  a  Cartesian. 
There  were  exceptions  ;  for  instanee,  Delisle,  an  astronomer  who  was 
selected  by  Peter  the  Great  of  Kusaia,  to  found  the  Academy  of  St 
Petei^burg ;  who  viaif«d  England  in  1724,  and  to  whom  Newton  then 
gave  his  picture,  and  HalJey  his  Tables,  But  in  general,  during  the 
interval,  that  country  and  this  had  a  national  difference  of  creed  on 
physical  subjects.  Voltaire,  who  visited  England  in  1737,  notices  this 
difference  in  his  lively  manner,  "A  Frenchman  who  arrives  in 
London,  finds  a  great  alteration  in  philosophy,  as  in  other  things.  He 
left  the  world  full  [aplenvml,  he  finds  it  empty.  At  Paris  you  see 
the  universe  compteed  of  vortices  of  subtle  matter,  in  London  we 
see  nothing  of  the  kind.  "With  yon  it  is  the  pressure  of  the  moon 
which  canses  the  tides  of  the  sea,  in  England  it  is  the  sea  wtich  grav- 
itates towards  the  moon ;  so  that  when  yon  think  the  moon  ought  to 
give  us  high  water,  these  gentlemen  believe  that  you  ought  to  have  low 
water ;  wjiieh  unfortunately  we  cannot  test  by  experience ;  for  in  order 
to  do  that,  we  should  have  esamined  the  Moon  and  the  Tides  at  the 
moment  of  the  creation.  You  will  observe  also  that  the  sun,  which 
ia  France  has  nothing  to  do  with  the  business,  here  comes  in  for  a 
quarter  of  it.  Among  you  Cartesians,  all  is  done  by  an  impulsion 
which  one  does  not  well  understand;  with  the  Newtonians,  it  is  done 
by  an  attraction  of  which  we  know  the  cause  no  better.  At  Paris  you 
ftiucy  the  earth  shaped  like  a  melon,  at  London  it  ia  flattened  on  the 
two  sides." 

It  waa  Voltaire  himself^  as  we  have  said,  who  was  mainly  instrn- 
Lueutal  in  giving  the  Newtonian  doctrines  currency  in  France.  He 
was  at  first  refused  perroission  to  print  his  Elements  of  the  Wewionian 
Philosophy,  by  the  Chancellor,  D'Agucsseaux,  who  was  a  Cartesian ; 
but  after  the  appearance  of  this  work  in  1738,  and  of  other  writings 
by  him  on  the  same  subject,  the  Cartesian  edifice,  already  without  real 
support  or  consistency,  crumbled  to  pieces  and  disappeared.  The  first 
Memoir  in  the  Transactions  of  the  French  Academy  in  which  the 
doctrine  of  central  force  is  applied  to  tie  solar  system,  is  one  by  the 
Chevalier  da  Louville  in  1720,  On  the  ConatruciUm  and  Theory  of 
Tables  of  the  Sun.  In  this,  however,  the  mode  of  explaining  the 
motions  of  the  planets  by  means  of  an  ori^nal  impulse  and  an  attrac- 
tive force  is  attributed  to  Kepler,  not  to  Newton.  The  first  Memoir 
which  refers  to  the  univei-sai  gravitation  of  matter  is  by  Maupertuis,  in 
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1736.  But  Newton  was  not  unknown  or  despised  in  Frauc«  till  tliis 
time.  In  1699  he  was  admitted  ono  of  the  very  small  number  of 
foreign  Msociates  of  the  French  Academy  of  Sciences.  Even  Fonte- 
nelle,  who,  as  we  have  said,  never  adopted  his  opinions,  spoke  of  him 
in  a  worthy  manner,  in  the  Eloge  which  he  composed  on  the  occasion 
of  his  death.  At  a  much  earlier  period  too,  Fontenelle  did  homage  to 
his  fame.  The  following  passage  refers,  I  presume,  to  Newton.  In 
the  History  of  the  Academy  for  1708,  which  is  written  by  the  secre- 
tary, he  says,'"  in  referring  to  the  difBcuIty  which  the  comets  occasion 
in  the  Cartesian  hypothesis :  "  We  might  relieve  ourselves  at  once 
from  all  the  embarrassment  which  aiiscs  from  the  directions  of  tliese 
motions,  by  suppressing,  as  has  been  done  hy  om  of  the  greatest 
ffmimes  of  the  age,  all  this  immense  fluid  matter,  which  we  commonly 
suppose  between  the  planets,  and  conceiving  them  suspended  in  a 
perfect  void." 

Comets,  as  the  above  passage  implies,  were  a  kind  of  artillery  which 
the  Cartesian  ^Zmani  could  not  resist.  When  it  appeared  that  the 
paths  of  such  wanderers  traversed  the  vortic^  in  all  directions,  it  was 
impossible  to  maintain  that  these  imaginaiy  currents  governed  the 
movements  of  bodies  immersed  in  them  ;  and  the  mechanism  ceased 
to  have  any  real  efficacy.  Both  these  phenomena  of  comets,  and  many 
others,  became  objects  of  a  stronger  and  more  genei'al  interest,  in  con- 
sequence of  the  controversy  between  the  rival  parties ;  and  thus  the 
prevalence  of  the  Carte^an  system  did  not  seriously  impede  the  prog- 
ress of  sound  knowledge.  In  some  cases,  no  doubt,  it  made  men  un- 
willing to  receive  the  truth,  as  in  the  instance  of  the  deviation  of  the 
comets  from  the  zodiacal  motion ;  and  again,  when  Romer  discovered 
that  light  was  not  instantaneously  propagated.  But  it  encouraged 
observation  and  calculation,  and  thus  forwarded  the  verification  and 
extension  of  the  Newtonian  system;  of  which  process  we  must  now 
consider  some  of  the  incidents. 


t.  As.  Sc.  ITOS-  p.  103. 
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rHE  Epooh  of  Newton,  continued. — Vebipication  a 
Completion  ob  thb  Newtonian  Theort. 


Sect.  1. — Division  of  the  Sulject. 

THE  Terification  of  the  Law  of  Universal  Gravitation  as  the  govern- 
ing principle  of  all  eosmical  phenomena,  led,  as  we  have  already 
stated,  to  a  number  of  different  lines  of  researcli,  all  long  and  difficult. 
Of  these  we  may  treat  successively,  the  motions  of  the  Moon,  of  the 
Sun,  of  the  Planets,  of  the  Satellites,  of  Comets ;  we  may  also  con- 
sider separately  the  Secular  Inequalities,  which  at  first  sight  appear  to 
follow  a  different  Jaw  from  the  other  changes ;  we  may  then  speak  of 
the  results  of  the  principle  as  they  affect  this  Earth,  in  ils  Jlgure,  in 
the  amonnt  of  Gravity  at  different  places,  and  in  the  phenomena  of  the 
Tides.  Each  of  these  subjects  has  lent  its  aid  to  confirm  the  general 
law :  but  in  each  the  confirmation  tas  had  its  peculiar  difficulties,  and 
has  its  separate  history.  Our  sketch  of  this  history  must  be  very  rapid, 
for  our  aim  i  nly  t  h  w  hat  is  the  kind  and  course  of  the  cod- 
ilrmatioB  whi  Ii        1   a  tt      j  demands  and  receives. 

For  the  aara       ia  p      over  many  events  of  this  period  which 

ai-e  highly  imp  -ta  t  n  th  history  of  astronomy.  Thoy  have  lost 
much  of  thei  te  t  f  u  and  even  for  common  readers,  because 
they  are  of  a   1      w  th  h  we  are  already  familiar,  truths  included 

in  more  general  truths  to  wliich  our  eyes  now  most  readily  turn.  Thus, 
the  discovery  of  now  satellites  and  planets  is  bat  a  repetition  of  what 
was  done  by  Galileo :  the  determination  of  their  nodes  and  apses,  the 
reduction  of  their  motions  to  the  law  of  the  ellipse,  is  but  a  fresh  ex- 
emplification of  the  discoveiiea  of  Keplei'.  Otherwise,  the  formation 
of  Tables  of  the  satellites  of  Jupiter  and  Saturn,  the  discovery  of  tJie 
eccentridtdes  of  the  orbits,  and  of  the  motions  of  the  nodes  and  apses, 
by  Oassini,  Halley,  and  otters,  would  rant  with  the  great  achievements 
in  astronomy.  Newton's  peculiar  advance  in  &e  Tahles  of  the  celestial 
motions  is  the  iutroduction  of  Perturbations.  To  these  motions,  so 
affected,  we  now  proceed. 

Vol  I.~2S 
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Sect.  2. — Application  of  the  l^ewtonian  Theory  to  the  Moon. 

The  Motions  of  the  Moon  may  be  first  spoken  of,  as  the  mopt  ob- 
vious and  the  most  jtnportant  of  the  applications  of  the  Newtonian 
Theory.  The  verification  of  such  a  theory  consists,  as  we  have  seen 
in  previous  cases,  in  the  construction  of  Tables  derived  fi'om  the  theory, 
and  the  comparison  of  these  with  observation.  The  advancement  of 
astronomy  would  alone  have  been  a  sufficient  motive  for  this  labor; 
but  there  were  other  reasons  which  ui^ed  it  on  with  a  stronger  im- 
pulse. A  perfect  Lunar  Theory,  if  the  theory  could  be  perfected, 
promised  to  supply  a  method  of  finding  the  Longitude  of  any  place  on 
the  earth's  suifece;  and  thus  the  verification  of  a  theory  which  pro- 
fessed to  be  complete  in  its  foundations,  was  identified  with  an  object 
of  immediate  practical  use  to  navigators  and  geographers,  and  of  vast 
acknowledged  value.  A  good  method  for  the  near  discovery  of  the 
longitnde  had  been  estimated  by  nations  and  princes  at  large  sums  of 
money.  The  Dutch  were  willing  to  tempt  Galileo  to  this  task  by  the 
offer  of  a  chain  of  gold :  Philip  the  Third  of  Spain  had  promised  a  re- 
ward for  this  object  still  earlier ;'  the  parliament  of  England,  in  1714, 
proposed  a  recompense  of  20,000?.  sterling ;  the  itegeut  Duke  of  Or- 
igans, two  years  afterwards,  offered  100,000  francs  for  the  same  pur- 
pose. These  prizes,  added  to  the  love  of  tmth  and  of  fame,  kept  this 
object  constantly  before  the  eyes  of  mathematicians,  during  the  first 
half  of  the  last  century. 

If  the  Tables  could  bo  so  constructed  as  to  represent  the  moon's  real 
place  iu  the  heavens  with  extreme  precision,  as  it  would  be  seen  from 
a  standard  observatory,  the  observation  of  her  apparent  place,  as  seen 
from  any  othei'  point  of  the  earth's  surface,  would  enable  the  observer 
to  find  his  longitude  from  the  standard  point.  The  motions  of  the 
moon  had  hitherto  so  ill  agreed  with  the  best  Tables,  that  this  method 
failed  altogether.  Newton  had  discovered  the  ground  of  this  want  of 
agreement.  He  had  shown  that  the  same  force  which  produces  the 
Evection,.  Variation,  and  Annual  Erjuation,  must  produce  also  a  long 
series  of  other  Inequahties,  of  various  magnitudes  and  cycles,  which 
perpetually  drag  the  moon  before  or  behind  the  place  where  she  would 
be  sought  by  an,  astronomer  who  knew  only  of  those  principal  and 
notorious  inequalitiea.  But  to  calculate  and  apply  the  new  inequali- 
ties, was  no  slight  undertaking. 

■  Ii9i.A.M.i.ss,es. 
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In  the  first  edition  of  the  Prindpia  in  1687,  Newton  had  not  given 
any  calculations  of  new  inequalities  affecting  the  longitude  of  the  moon. 
But  in  David  Gregory's  Elements  of  Physical  and  Geometrical  As- 
trommy,  published  in  1702,  is  inserted^  "Newton's  Lunar  Theory  as 
applied  by  him  to  Practice ;"  in  which  the  great  discoverer  has  given 
the  results  of  his  calculations  of  eight  of  the  lunar  Equations,  their 
quantities,  epochs,  and  periods.  These  calculatinns  were  fur  a  long 
period  the  basis  of  new  Tables  of  the  Moon,  which  were  published  by 
various  persons;'  as  hy  Deliale  in  1'7I5  or  1'716,  Grammatici  at  In- 
goldstadt  in  lY26,  Wright  in  1732,  Angelo  Capelli  at  Venice  in  1733, 
Dunthome  at  Cambridge  in  1739. 

Kamsteed  had  given  Tables  of  the  Moon  upon  HoiTox's  theory  in 
1681,  Mid  wished  to  improve  tbem  ;  and  thougb,  as  we  have  seen,  he 
would  not,  or  could  not,  accept  Newton's  doctrines  in  their  whole  ex- 
tent, Newton  communicated  his  theory  to  the  observer  in  the  shape  in 
which  he  could  understand  it  and  use  it  ■J'  and  Flamateed  employed 
these  directions  in  constractiug  new  Lunar  Tables,  which  he  called  his 
Theory,^  These  Tables  were  not  published  till  long  after  his  death,  by 
Le  Monnier  at  Paris  in  1746.  They  are  said,  by  Lalande,"  not  to  differ 
much  from  Halley's.  Hallcy's  Tables  of  the  Moon  were  printed  in 
1719  or  1720,  but  not  published  till  after  his  death  in  1749.  They 
had  been  founded  on  Flamsteed's  observations  and  his  own ;  and  when, 
in  1720,  Halley  succeeded  Flamsteed  in  the  post  of  Astronomer  Royal 
at  Greenwich,  and  conceived  that  he  had  the  means  of  much  improving 
what  he  had  done  before,  he  began  by  printing  what  he  bad  already 
executed.' 

But  Halley  bad  long  proposed  a  method,  different  from  that  of 
Newton,  but  marked  by  great  ingenuity,  for  amending  the  Lunar 
Tables.  He  proposed  to  do  this  by  the  use  of  a  cycle,  which  we  have 
mentioned  as  one  of  the  earliest  discoveries  in  astronomy ;— the  Period 
of  223  lunations,  or  eighteen  yeara  and  eleven  days,  the  Chaldean 

s  p.  3S2.  =  Lnlandc,  1457.  <  Eaiiy.    Ai!aimitqfBlaiH£ked,'p.1i, 

B  P.  an.  «  Lai.  li5B. 

'  Mr.  Bailj*  Biija  thst  Mayer's  Nout4Ues  Taihe  de  la  Lane  in  145S,  published  np- 
wards  of  fifty  years  at'Wr  Gregory's  Astroaomy,  may  be  oocadered  as  the  first  ianac 
tohlaa  formed  <ofe!ji  on  Newton's  principles.  Though  Wright  iu  1TS2  published 
Ssw  and  Cbrrerf  Uii&a  qf  the  Lunap  Motions  aceoTding  to  the  Jfeielaniaa  Jfeory, 
Nawton'a  rales  were  in  them  only  partially  adopted.  In  1735  Leadbetter  published 
his  Vrmosixpia,  in  wliioh  those  rules  were  more  ftilly  followed.  But  these  Ifeiu- 
iOTtiaa  ShMei  did  not  auperaeda  Flameteed's  Horrosian  Tables,  till  both  wore  aup- 
planlad  by  those  of  Mayer. 
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Saros.  This  period  was  anciently  used  for  predicting  tiie  eclipses  ol' 
the  sun  and  moon  ;  for  those  eclipses  which  happen  duriag  this  period, 
are  repeated  again  in  the  same  order,  and  with  neai'ly  the  same  cir- 
umstances,  after  the  expiration  of  one  such  period  and  the  commence- 
ment  of  a  second.  The  reason  of  this  is,  that  at  the  end  of  such  a 
cycle,  the  moon  is  in  nearly  the  same  position  with  respect  to  the  sun, 
her  nodes,  and  her  apogee,  as  she  was  at  first;  and  is  only  a  few 
degrees  distant  from  the  same  part  of  the  heavens.  But  on  the 
strength  of  this  consideration,  Halley  conjectured  that  all  the  irreg- 
ularities of  the  moon's  motion,  however  complex  they  may  be,  would 
recur  after  such  an  interval ;  and  that,  therefore,  if  the  reijaisife  cor- 
reclaons  were  determined  by  observation  for  one  such  peiiml,  we  might 
by  means  of  Ibem  give  aecnraey  to  the  Tables  for  all  succeeding 
periods.  This  idea  occurred  to  him  before  he  was  aci^uainted  witli 
Newton's  views,"  After  the  lunar  theory  of  the  Prmcipia  had  ip 
peared,  he  could  not  help  seeing  that  the  idea  was  confirmed  ,  for  the 
inequalities  of  the  moon's  motion,  which  arise  from  the  ittiaction  of 
the  sun,  will  depend  on  her  positions  with  regard  to  the  sun,  the 
apogee,  and  the  node;  and  therefore,  however  numerous,  will  recur 
when  these  positions  recur. 

Halley  announced,  in  1691,'  his  intention  of  followiug  this  idea  into 
practice ;  in  a  paper  in  which  be  corrected  the  text  of  three  passages 
in  Pliny,  in  which  this  period  is  mentioned,  and  from  which  it  is 
sometimes  called  the  Plinian  period.  In  1110,  in  the  preface  to  ii 
new  edition  to  Street's  Caroline  Tables,  he  stated  that  he  had  already 
confimied  it  to  a  considerable  extent."  And  even  after  Newton's 
theory  liad  been  applied,  he  still  resolved  to  use  liis  cycle  as  a  means 
of  obtaining  further  accm'acy.  On  succeeding  to  the  Observatory  at 
Greenwich  in  1720,  he  was  furflier  delayed  by  finding  that  tlie 
instrnmenta  had  belonged  to  Flamsteed,  and  were  removed  by  his 
executoi's.  "  And  this,"  he  says,"  '*  was  the  more  grievous  to  me,  on 
account  of  my  advanced  age,  being  then  in  my  sixlj-fourth  year; 
which  put  me  past  all  hopes  of  ever  livmg  to  see  a  complete  period  of 
eighteen  years'  obsen  ation  But,  thanks  to  God,  he  has  been  pleased 
hitherto  (in  1731)  to  affoid  me  ':ufl5cient  he^lt!l  and  strength  to  exe- 
cute my  ofSce,  in  all  its  pirti,  with  my  own  hands  and  eyes,  without 
any  assiafanoe  or  interruption,  duting  one  whole  period  of  the  moon's 
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apogee,  which  period  is  perfomieJ  in  somewLat  less  than  nine  years." 
He  found  the  agreement  very  remarkable,  and  conceived  hopes  of  at- 
taining the  great  object,  of  finding  the  Longitude  with  the  requisite, 
degree  of  exactness ;  nor  did  he  give  up  his  labors  on  this  subject  till 
he  had  completed  hia  Plinian  period  in  1739. 

The  accuracy  with  which  Halley  conceived  himself  able  to  predict 
the  moon's  place'"  was  within  two  minutes  of  space,  or  one  fifteenth  of 
the  breadth  of  the  moon  herself.  The  aceura«y  required  for  obtaining 
the  national  reward  was  considerably  greater.  Le  Monnier  pursued 
the  idea  of  Halley."  But  before  Halloy's  method  had  been  completed, 
it  was  superseded  by  the  more  direct  prosecution  of  Newton's  views. 

We  have  already  remarked,  in  the  history  of  analytical  mechanics, 
that  in  the  Lunar  Theory,  considered  as  one  of  the  cases  of  the  Problem 
of  Three  Bodies,  no  advance  was  made  beyond  what  Newton  had  done 
till  mathematicians  threw  aside  the  Newtonian  artifices,  and  ^pplie  1 
the  newly  developed  geneializations  of  the  analytical  method  The 
fiist  great  apparent  defit,iency  in  the  agreement  of  the  law  of  uni 
veisal  gravitation  with  astronomical  observation,  was  lemoved  by 
ClaiTint's  irapioved  appioximation  to  the  theoretical  Motion  of  the 
Moon's  Apogee,  in  IVoO  ,  jet  not  till  it  had  caused  so  much  disquiet- 
ude, that  Clairaut  himself  had  suggested  a  modification  of  the  Jaw  of 
attraction ;  and  it  was  only  in  tracing  the  consequences  of  this  sugges- 
tion, that  he  found  the  Newtonian  law  of  the  inverse  square  to  be  that 
which,  when  rightly  developed,  agreed  with  the  facts.  Euler  solved 
the  problem  by  the  aid  of  his  analysis  in  1745,"  and  published  Tables 
of  the  Moon  in  1746.  His  tables  were  not  very  accurate  at  first;"  but 
he,  D'AIemberf,  and  Clairaut,  continued  to  labor  at  this  object,  and  the 
two  latter  published  Tables  of  the  Moon  in  1754."  Finally,  Tobias 
Mayer,  an  astronomer  of  Gottingen,  having  compared  Euler's  tables 
with  observations,  corrected  them  so  successfully,  that  in  1753  he  pub- 
lished Tables  of  the  Moon,  which  really  did  possess  the  accuracy  which 
Halley  only  flattered  himself  that  he  had  attained.  Mayer's  success  in 
his  first  Tables  encouraged  him  to  make  them  still  more  perfect.  He 
applied  himself  to  the  mechanical  theory  of  the  moon's  orbit;  cor- 
rected all  the  coefficients  of  the  series  by  a  great  number  of  observa- 
tions ;  and  in  1755,  sent  his  new  Tables  to  London  as  worthy  to  claim 
the  prize  offered  for  the  discovery  of  longitude.    He  died  soon  after 

"  I'm.  Trans.  1781,  p.  195.  "  B^liy,  A.  M.  o.  131. 
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(iu  1762),  at  the  early.age  of  thirty-nine,  worn  out  by  his  incessant 
labors ;  and  hia  widow  sent  to  London  a  copy  of  his  Tables  with  addi- 
tional corrections.  These  Tables  were  committed  to  Bradley,  thea  As- 
tronomer Boyal,  in  order  to  be  compared  with  ohaervatioa.  Bradley 
labored  at  this  task  with  unremitting  zeal  and  industry,  having  him- 
self long  entertained  hopes  that  the  Lunar  Method  of  finding  the  Lon- 
gitude might  be  brought  into  general  use.  He  and  his  assistant,  Gael 
MorrK,  introduced  corrections  into  Mayer's  Tables  of  1V55.  In  his 
report  of  1T56,  he  says,"  that  he  did  not  find  iny  liftcienco  so  great 
as  a  minute  and  a  quarter ;  and  in  1760,  he  add'  thit  th  a  deviation 
had  been,  further  diminished  by  his  corrections  It  is  not  foieign  to 
our  purpose  to  observe  the  great  labor  which  this  *  enhc-ition  required. 
Not  less  than  1220  observations,  and  long  calculations  founded  upon 
each,  were  employed.  The  accuracy  which  Miyci  'm  Tatl  s  possessed 
was  cons  dered  to  ent  tie  th  n  to  a  j  art  ot  the  parliamentary  reward ; 
they  we  e  p  nted  n  17Y0  and  h  s  w  dow  eceived  3000i.  from  the 
Englsh  t  n  At  the  same  t  me  Eule  whose  Tables  had  been  the 
ongin  and  foundation  of  M  ve  s  Iso  ha  I  a  recompense  of  the  same 
amount 

Th  s  pub!  e  nat  on  1  acknowledgment  of  the  practical  accuracy  of 
these  Tables  s  t  v  II  he  obse  ved  al  o  a  solemn  recognition  of  the 
truth  of  the  Newtoman  th  ory  a,  far  as  truth  can  be  judged  of  by  men 
a  t  ug  un  ler  the  h  ^h  st  ffic  1  e  pon  t  1  ty,  and  aided  by  the  most 
complete  command  of  the  resources  of  the  skill  and  talents  of  others. 
The  finding  the  Longitude  is  tlias  the  seal  of  the  moon's  gravitation  to 
the  sun  and  earth  ;  and  with  this  occurrence,  therefore,  our  main  con- 
cern with  the  history  of  the  Lunar  Theory  ends.  Various  improve- 
ments have  been  since  introduced  into  this  research ;  but  on  these  we, 
with  so  many  other  subjects  before  us,  must  forbear  to  enter. 

Sect.  3. — Application  of  the  IN'ewtonian  Tlieory  to  the  Planets, 
Satellites,  and  Earth. 

The  theories  of  the  Planets  and  Satellites,  as  affected  by  the  law  of 
universal  gravitation,  and  therefore  by  pertnrbations,  were  naturally 
subjects  of  interest,  after  the  promulgation  of  that  law.  Some  of  the 
effects  of  the  mutual  attraction  of  the  planets  had,  indeed,  already 
attracted  notice.  The  inequality  produced  by  the  mutual  attraction  of 
Jupiter  and  Saturn  cannot  be  overlooked  by  a  good  observer.     In  the 

"  Bradley's  Mem.  p.  xoviii. 
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preface  to  tlie  second  edition  of  the  Principia,  Cotes  remarks,"  tliat 
tbe  perturbation  of  Jupiter  and  Satum  is  not  unknown  to  astrono- 
mers. In  Halley's  Tables  it  was  noticed"  that  there  are  very  great 
deviations  from  regiJaiity  in  these  two  planets,  and  these  deviations 
are  ascribed  to  the  perturbing  force  of  the  planets  on  each  other ;  but 
the  correction  of  these  by  a  suitable  equation  is  left  to  succeeding 
astronomers. 

The  motion  of  the  planes  and  apsides  of  the  planetai'y  orbits  was 
one  of  tie  first  resulla  of  their  mutual  perturbation  which  was  ob- 
served. In  1706,  La  Hire  and  Maraldi  compared  Jupiter  with  tlio 
Eudolphine  Tables,  and  those  of  Bulliaidiis :  it  appeared  tiiat  his 
aphelion  had  advanced,  and  that  his  nodes  had  regressed.  In  1728, 
J.  Cassini  found  that  Saturn's  aphelion  had  in  like  manner  ■travelled 
forwards.  In  1720,  when  Louville  refused  to  allow  in  his  solar  tables 
the  motion  of  the  aphelion  of  the  earth,  Fontenelle  observed  that  this 
was  a  misplaced  scrupulousness,  since  the  aphelion  of  Meremy  certainly 
advance.  Tet  this  reluctance  to  admit  change  and  irregularity  was 
not  yet  overcome.  When  astronomers  had  found  an  approximate  and 
apparent  constancy  and  regularity,  they  were  willing  to  believe  it  ab- 
solute and  exact.  In  the  satellites  of  Jupiter,  for  instance,  they  were 
unwilling  to  admit  even  the  eccentricity  of  the  orbiis  ;  and  still  more, 
the  variation  of  the  nodes,  inclinations,  and  apsides.  But  all  the  fixed- 
ness of  these  was  successively  disproved.  Fontenelle  in  1732,  on  the 
occasion  of  Maraldi's  discovery  of  the  change  of  inclination  of  the  fourth 
satellite,  expresses  a  suspicion  that  all  the  elements  might  prove  liable 
to  change.  "  We  see,"  says  he,  "  the  constancy  of  the  inclination  al- 
ready shaken  in  the  three  first  satellites,  and  the  eccentricity  in  the 
fourth.  The  immobility  of  the  nodes  holds  out  so  fer,  but  there  are 
strong  indications  that  it  will  share  the  same  fate." 

The  motions  of  the  nodes  and  apsides  of  the  satellites  are  a  necessary 
part  of  the  Newtonian  theory ;  and  even  the  Cartesian  astronomers 
now  required  only  data,  in  order  to  introduce  these  changes  into  their 
Tables. 

The  complete  reformation  of  the  Tables  of  the  Sun,  Planets,  and 
Satellites,  which  followed  as  a  natural  consequence  from  the  revolution 
which  Newton  had  introduced,  was  rendered  possible  by  the  labors  of 
the  great  constellation  of  mathematicians  of  whom  we  have  spoken  in 
the  last  book,  Clairaut,  Euler,  D'Alembert,  and  their  successors;  and 

la  Preface  to  PrirKipia,  p.  xxi.  ■"  End  of  PlonEUvry  Tables. 
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it  was  caii'ied  inlo  effect  in  tlie  course  of  the  last  century.  Thus  La- 
lande  applied  Clairaut'a  theory  to  Mars,  as  did  Mayer ;  and  the  inequal- 
ities ia  this  case,  says  Bailly'"  in  1Y85,  may  amount  to  two  minutes, 
and  therefore  must  not  be  neglected.  Lalande  determined  the  inequal- 
ities of  Venus,  aa  did  Father  Walmesley,  an  English  mathematiciau ; 
these  were  found  to  reach  only  to  thirty  seconds. 

The  Planetary  Tablea^'  which  were  in  highest  repute,  up  to  the  end 
of  the  last  century,  were  those  of  Lalande.  In  tiiese,  the  perturbations 
of  Jupiter  and  Saturn  were  introduced,  their  magnitude  being  such 
that  they  cannot  be  dispensed  with ;  but  the  Tables  of  Mercury,  Venus, 
and  Mars,  had  no  perturbations.  Hence  these  latter  Tables  might  be 
considered  as  accurate  enough  to  enable  the  observer  to  find  the  ob- 
ject, but  not  to  test  the  theory  of  perturbations.  But  when  the  calcu- 
lation of  the  mutual  disturbances  of  the  planets  was  applied,  it  was 
always  found  that  it  enabled  mathematicians  to  bring  the  theoretical 
places  to  coincide  more  exactly  with  those  observed.  In  improving,  as 
much  as  possible,  this  coincidence,  it  is  necessary  to  determine  the 
mass  of  each  planet ;  for  upon  that,  according  to  the  law  of  universal 
gvavitetion,  its  disturbing  power  depends.  Thus,  in  1813,  Lindenau 
published  Tables  of  Mercury,  and  concluded,  from  them,  that  a  consid- 
erable increase  of  tlie  supposed  mass  of  Venus  was  necessary  to  recon- 
cile theory  with  observation,"  He  had  published  Tables  of  Venus  in 
1810,  and  of  Mars  in  1811,  And,  in  proving  Bouvard's  Tables  of 
Jupiter  and  Saturn,  values  were  obtained  of  the  ma^es  of  those  plan- 
ets. The  form  in  which  the  question  of  the  truth  of  tie  doctrine  of 
universal  gravitation  now  offers  itself  to  the  miuds  of  astronomers,  is 
this:-^that  it  is  taken  for  granted  that  it  will  account  for  the  motions 
of  the  heavenly  bodies,  and  the  question  is,  with  what  supposed  masses 
it  will  give  the  best  account,^'  The  continually  increasing  accuracy  of 
the  table  shows  the  truth  of  the  fundamental  assumption. 

The  question  of  pertttrbafion  is  exemplified  in  the  satellites  also. 


"  AsS.iM.in.no.  »'  Ahj,SepBH<mAst.to£rit.  ^js.  1882. 

""  Airy,  iJepOfi  on,  Ast.  to  Brit.  Jst.  1832, 

"  Among  the  most  important  coneoljons  of  the  supposed  masses  of  the  planets, 
we  may  notioe  that  of  Jupiter,  by  Pcofessoc  Airy,  This  determiuation  of  Jupitec'a 
mass  was  founded,  nob  on  the  effect  as  seen  in  perturhaljons,  bat  on.  a  much  moie 
direct  datum,  theUmeof  revolution  of  bis  foiirthsatallila.  It  appeared,  fromtbis  oal- 
enlation,  that  Jnpitar'H  mass  required  to  lie  jucrcased  by  about  l-BOth.  This  result 
agrees  with  that  which  has  been  derived  by  GermEiii  aEtronomera  from  tho  pertnr- 
hations -which  tha  attractJons  of  Jupiter  produce  in  the  four  new  planets,  and  has 
been  generally  adopted  ae  an  improvement  of  the  elements  of  our  system. 
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Thus  tlie  sateilites  of  Jupiter  ace  not  only  disturbed  1  y  the  sun  is  the 
mooa  is,  but  also  by  eacli  other,  as  the  planufe.  are  Ihit  mutual  ac- 
tion gives  rise  to  some  very  curious  relations  among  thpn  motions ; 
which,  like  most  of  the  other  leading  inef|ualities,  weie  foicci  upr n  the 
notice  of  astronomers  by  observation  before  thej  tvere  obtamcd  by 
mathematical  calculation.  In  Bradley's  remarks  upon  hia  own  Tables 
of  Jupiter's  Satellites,  published  among  Halley's  Tables,  be  observes 
that  the  places  of  the  three  interior  satellites  aie  affected  by  errors 
which  recm'  in  a  cycle  of  437  days,  answering  to  the  time  in  which 
they  return  to  the  same  relative  position  with  regiid  to  cich  other, 
and  to  the  axis  of  Jupiter's  shadow.  Wargentm,  who  had  noticed  the 
same  circumBtance  without  knowledge  of  what  Bradley  hid  done,  ap- 
plied it,  with  all  diligence,  to  the  purpose  of  impio\ing  the  tables  of 
the  satellites  in  1746.  But,  at  a  later  period,  Laplice  cttbliahed,  by 
n  ath  mat  al  ling,  the  very  curious  theoiem  on  which  this  cycle 

1  p  nd  h  h  h  calls  the  lih-aticm  qf  Jupiter's  satelhta ,  and  De- 
1  mb  w  th  n  able  to  publish  Tables  of  Jupitei's  featellites  more 
a         t    th      th       of  Wargentin,  which  he  did  in  1789.^' 

Th     2  S3    f  physical  astronomy  from  the  time  of  Euler  and 

CI       uf  h  ted  of  a  series  of  calculations  and  comparisons  of 

the  most  abstruse  and  recondite  kind.  The  formation  of  Tables  of  the 
Plaueta  and  Satellites  from  the  theory,  required  the  solution  of  prob- 
lems much  more  complex  than  the  original  case  of  the  Problem  of 
Three  Bodies.  The  real  motions  of  tha  planets  and  then  orbits  are  ren- 
dered still  further  intricate  by  this,  that  all  the  lines  and  points  to 
which  we  can  refer  them,  are  themsehes  in  motion  The  task  of 
carrying  order  and  law  into  this  mass  of  apparent  confiiwon,  has  re- 
quired a  long  series  of  men  of  transcendent  intellectual  powers,  and  a 
perseverance  and  delicacy  ot  observation,  suih  as  ■we  haie  not  the 
smallest  example  of  in  any  other  subject.  It  is  impossible  here  to  give 
any  detailed  account  of  these  labors ;  but  we  may  mention  one  instance 
of  the  complex  considerations  which  enter  into  them.  The  nodes  of 
Jupiter's  fourth  satellite  do  not  go  backwards,"  as  the  Newtonian 
theory  seems  to  require;  they  advance  upon  Jupiter's  orbit.  But 
then,  it  ia  to  be  recollected  that  the  theory  requires  the  nodes  to  retro- 
grade upon  the  orbit  of  the  perturbing  body,  which  is  here  the  third 
satellite ;  and  Lalande  showed  that,  by  the  necessary  relations  of  space, 
the  latter  motion  may  be  retrograde  though  the  former  is  direct. 
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Attempts  have  been  made,  from  the  time  of  the  solution  of  the  Prob- 
lem of  three  bodies  to  the  present,  to  give  the  greatest  possible  accu- 
racy to  the  Tables  of  the  Sun,  by  considenDg  the  effect  of  the  various 
perturbations  to  which  the  earth  is  snbjccL  Thus,  in  1756,  Euler  cal- 
eulateii  the  effect  of  the  attractioDS  of  the  planets  on  the  earth  (the 
prize-question  of  the  French  Academy  of  Sciences),  and  Clairaut  soon 
after.  Lacaille,  making  use  of  these  restdts,  and  of  his  own  numerous 
observations,  published  Tables  of  the  Sun,  In  1786,  Delambre'^  un- 
dertook to  verify  and  improve  these  tables,  by  comparing  them  with 
314  observations  made  by  Mastelyne,  at  Greenwich, in  1775  and  1784, 
and  in  some  of  the  intermediate  years.  He  corrected  most  of  the  ele- 
ments; but  he  could  not  remove  the  nncertainty  which  occurred  re- 
T  the  amount  of  the  inequality  produced  by  the  reaction  of  tlie 
He  admitted  also,  in  pursuance  of  Clairaut's  theory,  a  second 
tenn  of  this  inequality  depending  on  the  moon's  latitude ;  but  irreso- 
lutely, and  half  disposed  to  reject  it  on  the  authority  of  the  observa- 
tions. Succeeding  researches  of  mathematicians  have  shown,  that  this 
term  is  not  admissible  as  a  result  of  mechanical  principles.  Delamhre's 
Tables,  thus  improved,  were  exact  to  seven  or  eight  seconds ;"  which 
was  thought,  and  truly,  a  very  close  coincidence  for  the  time.  But 
astronomers  were  far  from  resting  content  with  this.  In  1806,  the 
French  Board  of  Longitude  published  Delamhre's  improved  Solar  Ta- 
bles; and  in  the  Connaissanee  des  Terns  for  1816,  Burckhardt  gave 
the  results  of  a  comparison  f  D  Ian  b  s  Tables  with  a  great  number 
of  Maskelyne's  observations  —fa  g  t  tl  an  the  number  on  which 
they  were  founded.*'  It  appea  e  1  that  th  epoch,  the  perigee,  and  the 
eccentricity,  required  sensible  alte  ■at  ons  and  that  the  mass  of  Venus 
ought  to  be  reduced  about  one  n  nth  and  that  of  the  Moon  to  be  sen- 
sibly diminished.  In  1827  Prof  o  A  7"*  compared  Delamhre's 
tables  with  2000  Greenwich  observations,  made  with  the  new  transit- 
instiTiment  at  Cambridge,  and  deduced  from  this  comparison  the  cor- 
rection of  the  elements.  These  in  general  agreed  closely  with  Burck- 
hardt's,  excepting  that  a  diminution  of  Mars  appeared  necessary.  Some 
discordances,  however,  led  Professor  Airy  to  suspect  the  esistence  of 
an  inequality  which  had  escaped  the  sagacity  of  Laplace  and  Burck- 
hardt And,  a  few  weeks  after  this  suspicion  had  been  expressed,  the 
same  mathematician  announced  to  the  Royal  Society  that  he  had  de- 
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tected,  in  the  planetary  theory  suet  an  inequality,  hitierto  unnoticed, 
arising  from  the  mutual  attraction  of  Venus  and  the  Earth,  Its  whole 
effect  on  the  earth's  longitude,  would  he  to  increase  or  diminisii  it  by 
nearly  three  seconds  of  space,  and  its  period  is  about  240  years.  "This 
term,"  he  adds,  "accounts  completely  for  the  difference  of  the  secular 
motions  giveu  hy  the  cojnpariaoii  of  the  epochs  of  1^83  and  1821,  and 
by  that  of  the  epochs  of  1801  and  1821." 

Many  excellent  Tables  of  the  motions  of  the  aun,  moon,  and  planets, 
were  published  in  the  latter  part  of  the  last  century ;  but  the  Bureau 
des  Longitudes  which,  was  established  in  France  in  1795,  endeavored 
to  give  new  or  improved  tables  of  most  of  these  motions.  Thus  were 
produced  Delambre's  Tables  of  the  Sun,  Burg's  Tables  of  the  Moon, 
Bouvard's  Tables  of  Jupifer,  Saturn,  and  TJranua.  The  agreement  be- 
tween these  and  observation  is,  ia  general,  truly  marvellous. 

We  may  notice  here  a  difference  in  the  mode  of  referring  to  obser- 
vation when  a  theory  is  first  established,  and  when  it  is  afterwards  to 
be  confirmed  and  corrected.  It  was  remarked  as  a  merit  in  the  method 
of  Hipparchus,  and  an  evidence  of  the  mathematical  coherence  of  his 
theory,  that  in  order  to  determine  the  place  of  tie  sun's  apogee,  and 
the  eccentricity  of  his  orbit,  he  required  to  know  nothing  besides  the 
lengths  'of  winter  and  spring.  But  if  the  fewness  of  the  requisite  data 
is  a  beauty  in  the  first  fixation  of  a  theory,  the  multitude  of  observa- 
tions to  which  it  applies  is  its  excellence  when  it  is  established ;  and 
in  correcting  Tables,  mathematicians  take  far  more  data  than  would  be 
requisite  to  determine  the  elements.  For  the  theory  ought  to  account 
for  all  the  facts :  and  since  it  will  not  do  this  with  mathematical  rigor 
(for  observation  Js  not  perfect),  the  elements  are  determined,  not  so  as 
to  satisfy  any  selected  observations,  but  so  as  to  make  the  whole  mass 
of  error  as  small  as  possible.  And  thus,  in  the  adaptation  of  theory  to 
observation,  even  in  its  most  advanced  state,  there  is  room  for  sagacity 
and  skill,  prudence  and  judgment. 

In  this  manner,  by  selecting  the  best  mean  elements  of  the  motions 
of  the  heavenly  bodies,  the  observed  motions  deviate  from  this  moan 
in  the  way  the  theory  points  out,  and  constantly  return  to  it.  To  tils 
general  rule,  of  the  constant  return  to  a  mean,  there  are,  however,  some 
apparent  exceptions,  of  which  we  shall  now  speak. 
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Sect.  4, — Application  of  the  Newtonian  Tlisoi'y  to  Secular  InequaXHies. 

Seoulab  Inequalities  in  the  motions  of  the  heavenly  bodies  occur 
in  consequence  of  cliaEgos  in  the  elements  of  the  solar  system,  which 
go  on  progressively  from  age  to  age.  The  example  of  sueh  changes 
which  was  first  studied  by  astronomers,  was  the  Acceleration  of  the 
Moon's  Mean  Motion,  discovered  by  Halley.  The  observed  fact  was, 
that  the  moon  now  moves  in  a  very  small  degree  quicker  than  she  did 
in  the  earlier  ages  of  the  world.  When  this  was  ascertained,  the  vari- 
ous hypotiieses  which  appeared  hkely  to  account  for  the  feet  were  re- 
duced to  calculation.  The  resistance  of  the  medium  in  which  the 
heavenly  bodies  move  was  the  moat  obvious  of  these  hypotheses.  An- 
other, which  was  for  some  time  dwelt  upon  by  Laplace,  was  the  suc- 
cessive transmission  of  gravity,  that  is,  the  hypothesis  that  the  gravity 
of  the  earth  takes  a  certain  finite  time  to  reach  the  moon.  But  none 
of  these  suppositions  gave  satisfactory  conclusions ;  and  the  strength 
of  Euler,  D'Alembort,  Lagrange,  and  Laplace,  was  for  a  time  foiled  by 
this  difiiculty.  At  length,  in  ITST,  Laplace  announced  to  the  Acad- 
emy that  he  had  discovered  the  true  cause  of  this  acceleration,  and 
that  it  arose  from  the  action  of  the  sun  upon  the  moon,  combined  with 
the  secular  variation  of  the  eccentricity  of  the  earth's  orbit.  It  was 
found  that  the  effects  of  this  combination  would  exactly  account  for 
the  changes  which  had  hitherto  so  perplexed  mathematicians,  A  very 
remarkable  result  of  this  investigation  was,  that  "  this  Secular  Inequal- 
ity of  the  motion  of  the  moon  is  periodical,  but  it  requires  millions  of 
years  to  re-establish  itself;"  so  that  after  an  almost  inconceivable  time, 
the  acceleration  will  become  a  retardation.  Laplace  sorac  time  after 
(in  179';),  announced  other  discoveries  relative  to  the  secular  motions 
of  the  apogee  and  the  nodes  of  the  moon's  orbit.  Laplace  collected 
these  researches  in  his  "  Theory  of  the  Moon,"  which  ho  published  in 
the  third  volume  of  the  Mecanique  CiUsle  in  1802, 

A  similar  case  occurred  with  regard  to  an  acceleration  of  Jupiter's 
mean  motion,  and  a  retardation  of  Saturn's,  which  had  been  observed 
by  Cassici,  Maraldi,  and  Horrox.  After  several  imperfect  attempts 
by  other  mathematicians,  Laplace,  in  ITS'?,  found  that  there  resulted 
fi'om  the  mutual  attraction  of  these  two  planets  a  great  Inequality, 
of  which  the  period  is  929  years  and  a  half,  and  which  has  acceler- 
ated Jupiter  and  retarded  Satnm  ever  since  the  restoration  of  as- 
tronomy. 


Ho.ted  by  Google 


SEQUEL  TO  THE  EPOCH  OF  NEWTON.  445 

Thus  the  secular  inequalities  of  the  celestial  motions,  like  all  the 
others,  confina  the  law  of  universal  gravitation.  They  are  called  "  sec- 
ular," because  ages  aro  requisite  to  unfold  their  existence,  acd  because 
they  are  not  obviously  periodical.  They  might,  in  some  measure,  be 
considered  as  extensions  of  the  Ifewtonian  theoiy,  for  though  Newton's 
law  accounts  for  such  fa«ts,  he  did  not,  so  far  as  wo  know,  foresee  such 
a  result  of  it.  Bat  on  the  other  hand,  they  are  exactly  of  the  same 
nature  as  those  which  he  did  for^ee  and  calculate.  And  when  we 
call  them  secular,  in  opposition  to  periodical,  it  is  not  that  there  is  any 
real  difference,  for  they,  too,  have  their  cycle ;  hut  it  is  that  we  have 
assumed  our  mean  motion  without  allowing  for  these  long  inequalities. 
And  thus,  as  Laplace  observes  on  this  very  occasion,*"  the  Jot  of  this 
great  discovery  of  gravitation  is  no  less  than  this,  that  every  apparent 
exception  becomes  a  proof,  every  difficulty  a  new  occasion  of  a  triumph. 
And  h  as  h  t  ly  di  s  the  character  of  a  true  theory, — of  a 
real     p        1 1        t  n  t 

It        mp      bl    f  L       to  enumerate  even  the  principal  objects 

wh  h  h  th  fill  d  th  ti  umphal  march  of  the  Newtonian  theory 
from  t  ts  t  p  t  th  present  time.  But  among  these  secular 
clia  g  w  m  y  m  t  th  Diminution  of  the  Obliquity  of  the  Eclip- 
tic, wh  h  h  V  n  g  g  from  the  earliest  times  to  the  present. 
This   h    g   ha   b  pla    ed  by  theory,  and  shown  to  have,  like  all 

the  th  h  g  f  th  y  tem,  a  hmit,  after  which  the  diminution 
will  h  t  d     t  ease. 

W    m  J  m    t   n  b  me  subjects  of  a  kind  somewhat  different 

fro  th  se  J  t  p  k  f  The  true  theoretical  quantity  of  the  Pre- 
ces     n    f  lh    E|    n  hich  had  been  erroneously  calculated  by 

Newt  w  b  w  by  D  Alembert  to  agrte  with  observation.  The 
con  ta  t  d  f  tl     Nodes  of  the  Moon's  Equator  with  those 

of  her  Orbit,  was  proved  to  result  from  mechanical  principles  by  La- 
grange. The  curious  circumstance  that  the  Time  of  the  Moon's  rota- 
tion on  her  axis  is  equal  to  the  Time  of  her  revolution  about  the  earth, 
was  shown  to  be  consistent  with  the  results  of  the  laws  of  motion  by 
Laplace.  Laplace  also,  ss  we  have  seen,  explained  certain  remarkable 
relations  which  constantly  connect  the  longitudes  of  the  three  firet 
satellites  of  Jupiter ;  Bailly  and  Lagrange  analyzed  and  explsuned  the 
curious  librations  of  the  nodes  and  inclinations  of  fheir  orbits;  and 
Laplace  traced  the  effect  of  Jupiter's  oblate  figure  on  their  motions, 

»  Sj/ei.  (la  Monde,  8vo,  ii.  ST. 
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wMch  masts  the  other  causes  of  inequality,  by  determining  the  direc- 
tion of  the  motions  of  tie  perijove  and  node  of  each  satellite. 

Sect.  5. — Application  of  the  J!7ewtonian  Theory  lo  the  ^ew  Planets. 


1  to  consider  tlie  Newtonian  theory  as 
true,  that  we  can  hardly  imaigine  to  ourselves  the  possibility  that  those 
planets  which  were  not  discovered  when  the  theory  was  founded,  should 
contradict  its  docti'ines.  We  can  scarcely  eoEceive  it  possible  that 
Uranus  or  Ceres  should  have  been  found  to  violate  Kepler's  laws,  or  to 
move  without  sAiffering  perturbations  from  Jupiter  and  Saturn.  Yet  if 
we  can  suppose  men  to  have  had  any  doubt  of  the  exact  and  universal 
truth  of  the  doctrine  of  universal  grayitation,  at  the  period  of  these 
discoveries,  they  must  have  scrutinized  the  motions  of  these  new  bodies 
with  an  interest  far  more  lively  thau  that  with  which  we  now  look  for  the 
predicted  return  of  a  comet.  The  solid  establishment  of  the  ^Newtonian 
theory  is  thus  shown  by  the  manner  in  which  we  take  it  for  granted 
not  only  in  our  reasonings,  but  in  our  feelings.  But  though  this  is  so, 
a  short  notice  of  tlie  process  by  which  the  new  planets  were  brought 
within  the  domain  of  the  theory  may  properly  find  a  place  here. 

William  Herschel,  a  man  of  great  energy  and  ingenuity,  who  had 
made  material  improvements  in  reflecting  telescopes,  observing  at  Bath 
on  the  13th  of  March,  1781,  discovered,  in  the  constellation  Gemini,  a 
star  larger  and  less  kminous  than  the  fixed  stars.  On  the  application 
of  a  more  powerful  telescope,  it  was  seen  magnified,  and  two  days  after- 
wards te  perceived  that  it  had  changed  its  place.  The  attention  of 
the  astronomical  world  was  directed  to  this  new  object,  and  the  best 
astronomers  in  eveiy  part  of  Europe  employed  themselves  in  following 
it  along  the  sky." 

The  admission  of  an  eighth  planet  into  the  long-established  list,  was 
a  notion  so  foreign  to  men's  thouglits  at  that  time,  that  other  supposi- 
tions were  first  tried.  The  orbit  of  the  new  body  was  at  first  calculated 
as  if  it  had  been  a  comet  running  in  a  parabolic  path.  But  ja  a  few 
days  the  star  deviated  from  the  course  thus  assigned  it :  and  it  was  in 
vain  that  in  order  to  represent  the  observations,  the  perihelion  distance 
of  the  parabola  was  increased  from  fourteen  to  eighteen  times  the 
earth's  distance  from  the  sun.  Saron,  of  the  Academy  of  Sciences  of 
Paris,  is  said"  to  have  been  the  first  person  who  perceived  that  the 
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places  were  better  represented  by  a  circle  than  by  a  parabola, :  and 
Lesel!,  a  celebrated  matbematician  of  Petersburg,  found  tbat  a  motion 
in  a  droular  orbit,  witli  a  radius  double  of  tbat  of  Saturn,  would  satisfy 
all  the  observations.    Tbis  made  its  period  about  eighty-two  years. 

Lalande  soon  discovered  that  the  circular  motion  was  subject  to  a 
seasible  inequality :  the  orbit  was,  in  fact,  an  ellipse,  like  those  of  the 
other  planets.  To  determine  the  equation  of  the  centre  of  a  body 
which  revolves  so  slowly,  would,  according  to  the  ancient  methods, 
have  required  many  years ;  but  Laplace  contrived  methods  by  which 
the  elliptical  elements  were  determined  from  four  observations,  within 
little  more  than  a  year  from  its  first  discovery  by  Herschel.  These 
calculations  were  soon  followed  by  tables  of  the  new  planet,  published 
by  Nouet. 

In  order  to  obtain  additional  accuracy,  it  now  became  necessary  to 
-  take  account  of  the  perturbations.  The  French  Academy  of  Sciences 
proposed,  in  1789,  the  construction  of  new  Tables  of  this  Planet  as  ite 
prize-question.  It  is  a  curious  illustration  of  the  constantly  accumu- 
lating evidence  of  the  theory,  that  the  calculation  of  the  perturbations 
of  the  planet  enabled  astronomers  to  discover  that  it  had  been  observed 
as  a  star  in  three  different  positions  in  former  times ;  namely,  by  Flam- 
steed  in  1690,  by  Mayer  in  1156,  and  by  Le  Monnier  in  1760.  De- 
lambre,  aided  by  this  discovery  and  by  the  theory  of  Laplace,  calcu- 
lated Tables  of  the  planet,  which,  being  compared  with  observation  for 
three  years,  never  deviated  from  it  more  than  seven  seconds.  The 
Academy  awarded  its  prize  to  these  Tables,  they  were  adopted  by  the 
astronomers  of  Europe,  and  the  planet  of  Herschel  now  conforms  to 
the  laws  of  attraction,  along  with  those  ancient  membeiB  of  the  known 
system  from  which  the  theory  was  inferred, 

The  history  of  the  discovery  of  the  other  new  planets,  Ceres,  Pallas, 
Juno,  and  Vesta,  is  nearly  similar  to  that  just  related,  except  that  their 
planetary  character  was  more  readily  believed.  The  first  of  these  was 
discovered  on  the  first  day  of  this  century  by  Piazzi,  the  astronomer 
at  Palermo;  but  he  had  only  begun  to  suspect  its  nature,  and  had  not 
completed  his  third  observation,  when  Lis  labors  were  suspended  by  a 
dangerous  illness ;  and  on  his  recovery  the  star  was  invisible,  being 
lost  in  the  rays  of  the  sun. 

He  declared  it  to  be  a  planet  with  an  elliptical  orbit ;  but  the  path 
which  it  followed,  on  emerging  from  the  neighborhood  of  the  sun,  was 
not  that  which  Piazzi  had  traced  out  for  it.  Its  extreme  smallness 
made  it  difficult  to  rediscover;  and  the  whole  of  the  year  1801  was 
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employed  in  searching  the  sky  for  it  in  vain.  At  last,  after  many 
trials,  Von  Zach  and  Olbers  again  found  it,  the  one  on  the  last  day  of 
1801,  the  other  on  the  first  day  of  1802  Gauss  and  Burcichardt  im- 
mediately used  the  new  obseivationa  in  determining  the  elements  of 
tlie  orbit;  and  the  former  invented  a  new  method  for  the  purpose. 
Ceres  now  moves  in  a  path  of  whith  the  eoiirse  and  inequalities  are 
known,  and  can  no  more  eseipe  the  scrutiny  of  astronomers. 

The  second  year  of  the  nineteenth  centuiy  also  produced  its  planet. 
This  was  discovered  by  Dr.  Olbers,  a  plijaioian  of  Breraen,  while  he 
was  searching  for  Ceres  among  the  stirs  cf  the  constellation  Virgo. 
He  found  a  star  which  had  t  perceptible  motion  even  in  the  space  of 
two  hours.  It  was  soon  announced  as  a  new  planet,  and  received  from 
its  discoverer  the  name  of  Pallas,  As  in  the  case  of  Ceres,  Burck- 
hardt  and  Gauss  employed  themselves  in  calculating  its  orbit.  But 
some  peculiar  difficulties  here  occurred.  Its  eccentricity  is  greater 
than  that  of  any  of  the  old  planets,  and  the  inclination  of  its  orbit  to 
the  ecliptic  is  not  less  than  thirty-five  degrees.  These  circumstances 
both  made  its  porturbations  laxge,  and  rendered  them  difficult  to  cal- 
culate. BuTckhardt  employed  the  known  processes  of  analysis,  but 
they  were  found  insufficient :  and  the  Imperial  Institute  {as  the  French 
Academy  was  termed  during  the  reign  of  Napoleon)  proposed  the 
Perturbations  of  Pallas  as  a  prize-question. 

To  these  discoveries  succeeded  others  of  the  same  tind.  The  Ger- 
man astronomers  agreed  to  examine  the  whole  of  the  zone  in  which 
Cores  and  Pallas  move ;  in  the  hope  of  finding  other  planets,  frag- 
ments, as  Olbers  conceived  tkey  might  possibly  be,  of  one  original 
mass.  In  the  course  of  this  research,  Mr,  Harding  of  Lilienthal,  on 
the  first  of  September,  1804,  found  a  new  star,  which  he  soon  was  led 
to  consider  as  a  planet.  Gauss  and  Bm'ckhardt  also  calculated  the  ele- 
ments of  this  orbit,  and  the  planet  was  named  Juno. 

After  this  discovery,  Olbers  sought  the  sky  for  additional  fragments 
of  his  planet  with  estraordinary  perseverance.  He  conceived  that  one 
of  two  opposite  constellations,  the  Virgin  or  the  Whale,  was  the  place 
where  its  separation  must  have  taken  place ;  and  where,  therefore,  all 
the  orbits  of  all  the  portions  must  pass.  He  resolved  to  survey,  three 
times  a  year,  all  the  small  stars  in  these  two  regions.  This  under- 
taking, so  curious  in  its  nature,  was  successful.  The  29th  of  March, 
1807,  he  discovered  Vesta,  which  was  soon  found  to  be  a  planet.  And 
to  show  the  manner  in  which  Olbers  pursued  his  labors,  we  may  state 
that  he  afterwards  piiblished  a  notification  that  he  had  examined  the 


Ho.ted  by  Google 


SEQUEL  TO  THE  EPOCH  OP  NEWTON  449 

same  parts  of  the  lieaveus  with  aoch  regularitj  ttit  li  *  b  ceitan 
no  new  planet  had  passed  that  way  between  180'-  anl  1816  tTau=s 
and  Buvckhardt  computed  the  orbit  of  Vesta ;  and  wiien  Ga  iss  com 
pared  on©  of  Iiia  orbits  with  twenty-two  observations  of  M  Boi  vard 
he  found  the  errors  below  seventeou  Booonda  of  '5[  ■»  n  right  asuen 
sion,  and  still  less  in  declination. 

The  elements  of  all  these  orbits  have  been  successively  impro\ed 
and  this  has  been  done  entirely  by  the  Gorman  mathematic  ana " 
These  perturbations  are  eaJculated,  and  the  places  for  some  t  me  before 
and  after  opposition  are  now  given  in  the  Berlin  EpheniPr  s  I  have 
lately  observed,"  says  Professor  Airy,  "and  comjaiel  i  ilh  tht,  Beih  i 
Ephemeria,  the  right  ascensions  of  Juno  and  Vesta,  aul  I  finl  th-it 
they  are  rather  more  accurate  than  those  of  Ven  is  to  complete  is 
the  confirmation  of  tlie  theory  by  these  new  bodies  so  exact  are  the 
methods  of  tracing  the  theory  to  its  consequences. 

We  may  observe  that  all  these  new-discovered  bodies  have  received 
names  taken  fi'om  the  ancient  mythology.  In  the  case  of  the  first  of 
these,  astronomers  were  originally  divided ;  the  discoverer  himself 
named  itthe^WjiiMffi^Mius,  inhonorof  his  patron,  George  the  Third; 
Lalande  and  others  called  it  Hej-schel.  Nothing  can  be  more  just  than 
this  mode  of  perpetuating  the  fame  of  the  author  of  a  discovery ;  but 
it  was  felt  to  be  ungraceful  to  violate  the  homogeneity  of  the  ancient 
system  of  names.  Astronomers  tried  to  find  for  the  hitherto  neglected 
denizen  of  the  sides,  an  appropriate  place  among  the  deities  to  whose 
assembly  he  was  at  last  admitted  ;  and  Uranus,  the  father  of  Saturn, 
was  fixed  upon  as  best  suiting  the  order  of  the  course. 

The  mythological  nomenclature  of  planets  appeared,  from  this  time, 
to  be  generally  agreed  to.  Piazai  termed  his  Ceres  Ferdmandea,  The 
first  term,  which  contains  a  happy  allusioa  to  Sicily,  the  country  of 
the  discovery  in  modem,  and  of  the  goddess  in  ancient,  times,  has 
been  accepted ;  the  attempt  to  pay  a  compliment  to  royalty  out  of 
the  products  of  science,  in  this  as  in  most  other  cases,  has  been  set 
aside.  Pallas,  Jnno,  and  Vesta,  were  named,  without  any  peculiar  pro- 
priety of  selection,  according  to  the  choice  of  their  discoverers. 

Seel.  6. — Application  of  the  Hewloman  Theory  to  Comets. 

A  FBW  words  iQuat  be  said  upon  another  class  of  bodies,  which  at 

first  seemed,  as  lawless  aa  the  clouds  and  winds  ;  and  which  astronomy 
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has  reduced  to  a  regularity  aa  complete  as  that  of  the  sun ; — upon 
Comets.  No  part  of  the  Newtonian  discoveries  excited  a  more  in- 
tense interest  than  this.  These  anomalous  visitants  w  n  ntly 
gazed  at  with  wonder  and  alarm ;  and  might  still,  as  i  i  m  t  m 
be  accused  of  "  perplexing  nations,"  though  wltli  very  d  ff  t  f 
and  questionings.  The  conjecture  that  they,  too,  obey  1  th  law  t 
universal  gravitation,  was  to  be  verified  by  showing  that  tl  y  I  b  1 
a  curve  such  as  that  force  would  produce.  Hevelius,  wh  w  n  t 
diligent  observer  of  these  objects,  had,  without  reference  to  gravi- 
tation, satisfied  himself  that  they  moved  in  parabolas.^*  To  deter- 
mine the  elements  of  tie  parabola  from  observations,  even  Newton 
called"  "  problema  longe  difflcillimum,"  Newton  determined  the  orbit 
of  the  comet  of  1680  by  certain  graphical  methods.  His  methods 
supposed  the  orbit  to  be  a  parabola,  and  satisfactorily  represented  the 
motion  in  th  bl  p  t  of  the  comet's  path.  But  this  method  did 
not  apply  t  th  po  hi  return  of  the  wandering  star.  Halley  has 
the  glory    f  h  fit  detected  a  periodical  comet,  in  the  case  of 

that  which  h  n  b  ne  his  name.  But  this  great  discovery  was 
not  made  w  tb  1 1  b  In  1705,  Halley"  explained  how  the  parar 
bolic  orbit  f  plan  t  m  y  be  determined  from  three  observations ; 
and,  joining  example  to  precept,  himself  calculated  the  positions  and 
orbits  of  twenty-four  comets.  He  found,  as  the  reward  of  this  industry, 
that  the  comets  of  1607  and  of  1531  had  tte  same  orbit  as  that  of 
1682.  And  here  the  intervals  are  also  nearly  tlie  same,  namely,  about 
seventy-flvo  years.  Are  the  three  comets  then  identical  3  In  looking 
back  into  the  history  of  such  appearances,  he  found  comets  recorded 
in  1456,  in  1380,  and  lu  1305  ;  the  intervals  are  still  the  same,  seventy- 
five  or  seventy-six  years.  It  was  impossible  now  to  doubt  that  they 
were  the  periods  of  a  revolving  body  ;  that  the  comet  was  a  planet ; 
its  orbit  a  long  ellipse,  not  a  parabola." 

But  if  this  were  so,  the  Comet  must  reappear  in  1758  or  1759. 
Halley  predicted  that  it  would  do  so;  and  the  fiilfilment  of  this  pre- 
diction was  naturally  looked  forwards  to,  as  an  additional  stamp  of  the 
truths  of  the  theory  of  gravitation. 


=1  Bsiily,  ii.  246.  a*  PHndpia,  eii.  1.  p.  434.  ^  Bailly,  n.  64S. 

"  ThB  importanea  of  Halley's  labors  on  Comata  haa  always  been  aetnowledged. 
In  speaking  of  HalIey's,Syiop«tsJsiranBmiiJ(e  (Jomeliax,  Ttdsaahta  saya  (jis(.  xviii. 
SadU,  p.  130),  "Voili  bien,  depuis  Keplar,  cb  qn'on  a  fait  de  plus  grand,  de  plus 
beau,  de  ploa  neaf  en  astronomie."  Ilalley,  in  predicting  tlie  oomat  of  1758,  says, 
if  it  returns,  "Hooprimura  ab  homine  Anglo  inventum  fuisse  non  iiifleiabitur  leqaa 
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But  in  all  tHs,  tie  Comet  bad  been  supposed  to  be  affected  only  bj 
the  attraction  of  the  sun.  The  planets  must  disturb  its  motion  as  they 
disturb  each  other.  How  would  this  disturbance  affect  the  time  and 
circumstances  of  its  reappearance  S  Halley  had  proposed,  but  not 
attempted  to  solve,  this  question. 

The  effect  of  perturbations  npon  a  comet  defeats  all  known  methods 
of  approximation,  and  requires  immense  labor.  "Clairaut,"  says 
Bailly,*'  "  undertook  this :  with  courage  enough  to  dare  the  idientuie 
he  had  talent  enough  to  obtain  a  memorable  victory ,"  the  diffii,ultie= 
the  labors,  grew  upon  him  as  he  advanced,  but  he  fought  his  way 
through  them,  assisted  byLalande,  and  by  a  female  calculator,  Madame 
Lepaute.  He  predicted  that  the  comet  would  reach  lis  perihelion 
April  13,  1759,  but  claimed  the  license  of  a  month  tir  the  inevitable 
inaccuracy  of  a  calculation  which,  in  additiou  to  all  other  sources  of 
en-or,  was  made  in  haste,  that  it  might  appear  as  a  ptediction  The 
comet  justified  his  calculations  and  his  caution  together ,  for  it  arrn  e  1 
at  its  perihelion  on  the  13th  of  March. 

Two  other  Comets,  of  much  shorter  period,  have  been  detected  of 
late  years ;  Encke's,  which  revolves  round  tha  sun  in  three  years  and 
one-third,  and  Biela's,  which  describes  an  ellipse,  not  extremely  eccen- 
tric, in  six  years  and  three-quarters.  These  bodies,  apparently  thin  and 
vaporous  masses,  hke  other  comets,  have,  since  their  orbits  were  calcu- 
lated, punctually  conformed  to  the  law  of  gravitation.  K  it  were  still 
doubtful  -whether  the  more  conspicuous  comets  do  so,  these  bodies 
would  tend  to  prove  the  fact,  by  showing  it  to  be  true  in  an  interme- 
diate case. 

[2d  Bd.]  [A  third  Comet  of  short  period  was  discovered  by  Faye, 
at  the  Observatory  of  Paris,  Nov.  22,  1843.  It  ii  included  between 
the  orbits  of  Mars  and  Saturn,  and  its  period  is  seven  years  and  three- 
tenths. 

This  is  commonly  called  Faye^a  Comet,  as  the  two  mentioned  m  the 
text  are  called  Encke's  and  Biela's,  In  the  former  edition  I  had  ex- 
pressed my  assent  to  the  rule  proposed  by  M.  Ar'igo  that  the  latter 
ought  to  be  called  Gamharffs  Comet,  in  honor  of  the  astionomer  who 
first  proved  it  to  revolve  round  the  Sun.  But  astronomers  m  general 
have  used  the  former  name,  considering  that  the  discovery  and  obaer- 
Tation  of  the  object  are  more  distinct  and  conspicuous  merits  than  a 
calculation  founded  upon  the  observations  of  others.     And  in  reality, 
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Biela  had  great  merit  in  tlie  discovery  of  his  Comet's  periodicity,  Lav- 
ing set  about  his  search  of  it  from  an  anticipation  of  its  return  founded 
upon  former  observations. 

Also  a  Comet  was  discovered  by  De  Vico  at  Rome  on  Aug.  22, 
1844,  which  was  found  to  describe  an  elliptical  orbit  having  its  aphe- 
lion near  the  orbit  of  Jupiter,  which  is  consequently  one  of  those  of 
shovt  period.  And  on  Feb,  28,  1846,  M.  Brorsen  of  Kiel  discovered  a 
tfilescopie  Comet  whose  orbit  is  found  to  be  elliptical.] 

We  may  add  to  the  history  of  Comets,  that  of  Lexell's,  which,  in 
17V0,  appeared  to  be  revolving  in  a  period  of  about  five  jeai's,  and 
whose  motion  was  predicted  accordingly,  The  prediction  was  disap- 
pointed ;  but  tlie  faaiure  was  sufficiently  explained  by  the  comet's  hav- 
ing passed  close  to  Jupiter,  by  which  occurrence  its  orbit  was  utterly 


It  results  from  the  theory  of  universal  gravitation,  that  Comets  are 
collections  o£  extremely  attenuated  matter.  Lesell's  is  supposed  to 
have  passed  twice  (in  1T67  and  1779)  through  the  system  of  Jupiter's 
Satellites,  without  disturbing  tteir  motions,  though  suffering  itself  so 
great  a  disturbance  as  to  have  its  orbit  entirely  altered.  The  same 
result  is  still  more  decidedly  proved  by  the  last  appearance  of  Biela's 
Comet.  It  appeared  double,  bat  the  two  bodies  did  not  perceptibly 
affect  each  other's  motions,  as  lam  informed  by  Professor  Challis  of 
Cambridge,  who  observed  both  of  them  from  Jan.  23  to  Mar.  25, 1846. 
This  proves  the  quantity  of  matter  in  each  body  to  have  been  exceed- 
iugiy  small. 

Thus,  no  verification  of  the  Newtonian  theory,  which  was  possible 
in  the  motions  of  the  stars,  has  yet  been  wanting.  The  return  of  Hal- 
ley's  Comet  again  in  1835,  and  the  extreme  exactitude  with  which  it 
conformed  to  its  predicted  course,  is  a  testimony  of  truth,  wliicK  must 
appear  striking  even  to  the  most  incurious  respecting  such  matters." 

Sect.  7. — Application  of  ike  Neietonian  Theory  to  Ike  Figure  of  the 

Earth. 

The  Heavens  had  thus  beeu  consulted  respecting  the  Newtonian 

doctrine,  and  the  answer  given,  over  and  over  again,  in  a  thousand 

='  M.  de  Humboldt  (Smmos,  p.  116)  spaaks  of  nme  retnriis  of  IloUsj'e  Comat,  Oie 
oomet  olserred  m  China  in  1S!8  being  idenljfiad  with  thia.  But  whether  we  take 
1378  or  1380  for  the  appearanca  in  that  ceiitnry,  if  we  begin  witli  that,  wo  have  only 
seiicn  appearaneea,  namely,  in  1375  or  1380,  in  1458,  in  1E31,  in  1607,  In  1682,  in 
1T69,  and  in  1S35. 
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different  forms,  had  been,  that  it  was  true ;  nor  had  the  most  persevei  - 
ing  cross-examination  beea  ablo  to  establish  any  thing  of  contradiction 
or  prevarication.  The  same  question  was  also  to  be  put  tc  the  Eaith 
and  the  Ocean,  and  we  must  briefly  notice  the  result. 

According  to  the  Newtonian  principles,  the  form  of  the  earth  must 
be  a  globe  somewhat  flattened  at  the  poles.  This  conclusion,  or  at 
least  the  amount  of  the  flattening,  depends  not  only  upon  the  existence 
and  law  of  attraction,  but  upon  its  belonging  to  each  particle  of  the 
maas  separately  ;  and  thus  the  experimental  confirmation  of  the  form 
asserted  from  calculation,  would  be  a  verification  of  the  theory  in  its 
widest  sense.  The  application  of  Bueh  a  test  was  the  more  necessary 
to  the  interests  ot  science,  inasmuch  as  the  French  astronomers  had  col- 
lected, from  then  measures,  ind  had  connected  with  their  Cartesian 
system,  the  opinion  that  the  earth  was  not  ohlale  but  oMong,  Dominic 
Cassini  had  meisured  seYeu  degrees  of  latitude  irom  Amiens  to  Per- 
pignan,  in  I'ZOl,  an!  found  them  to  decrease  in  going  from  south  to 
north.  The  prolongation  of  this  measure  to  Dunkirk  confirmed  the 
same  result  But  if  the  Newtonian  doctrine  was  true,  the  contrary 
ought  to  be  the  case,  and  the  degrees  ought  to  increase  in  proceeding 
towards  the  pole. 

The  only  answer  which  the  Newtonians  could  at  this  time  make  to 
the  difficulty  thus  presented,  was,  that  an  arc  so  short  as  that  thus 
measured,  was  not  to  be  depended  upon  for  the  determination  of  such 
a  question;  inasmuch  as  the  inevitable  errors  of  olservation  might 
exceed  the  differences  which  were  the  object  of  research.  It  would, 
undoubtedly,  have  become  the  English  to  have  given  a  more  complete 
answer,  by  executing  measurements  under  circumstances  not  liable  to 
this  uncertainty.  The  glory  of  doing  this,  however,  they  for  a  long 
time  abandoned  to  other  nations.  The  French  undertook  the  task 
with  great  spirit.^"  In  lISS,  in  one  of  the  meetings  of  the  French 
Academy,  when  this  question  was  discussed,  De  la  Condamine,  au  ar- 
dent and  eager  man,  proposed  to  settle  this  question  by  sending  mem- 
bers of  the  Academy  to  measure  a  degre  fth  'I'au  near  the  equa- 
tor, in  order  to  compare  it  with  the  Frea  h  d  s,  and  offered  himself 
for  the  expedition.  Maupertuis,  in  like  mann  d  he  necessity  of 
another  expedition  to  measure  a  deg  h  hborhood  of  the 
pole.  The  government  received  the  apj  1  at  fa  ably,  and  these 
remarkable  scientific  missions  were  sent      t  at  th   n  t   nal  expense. 

<"  Bailly,  ill.  11. 
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A3  soon  as  tte  result  of  tJiese  measurements  was  known,  tliere  was 
no  longer  any  doubt  as  to  the  fact  of  the  earth's  oblateness,  and  the 
question  only  turned  upon  its  quantity.  Even  before  the  return  of  the 
academicians,  the  Caaainis  and  Lacaille  had  measured  the  French  arc, 
and  found  errors  which  subverted  the  former  result,  making  the  eartli 
oblate  to  the  amount  of  l-188th  of  its  diameter.  The  expeditions  to 
Peru  and  to  Lapland  had  to  struggle  with  difficulties  in  the  execution  of 
their  design,  which  make  their  narratives  resemble  some  romantic  his- 
tory of  irregular  wariare,  rather  than  the  monotonous  records  of  mere 
measurements.  The  equatorial  degree  employed  the  observers  not 
less  than  eight  years.  When  they  did  return,  and  the  results  were 
compared,  their  discrepancy,  as  to  quantity,  was  considerable.  The 
comparison  of  the  Peruvian  and  French  arcs  gave  an  ellipticity  of 
nearly  l-3Hth,  that  of  the  Peruvian  and  Swedish  arcs  gave  l-213th 
for  its  value. 

Newton  bad  deduced  from  his  theory,  by  reasonings  of  singular  in- 
genuity, an  ellipticity  of  l-230th ;  but  this  result  had  been  obtained  by 
supposing  the  earth  homogeneous.  If  the  earth  be,  as  we  should  most 
readily  conjecture  it  to  be,  more  dense  in  its  interior  than  at  its  exterior, 
its  ellipticity  will  be  less  than  that  of  a  homogeneous  spheroid  revolving 
in  the  same  time.  It  does  not  appear  that  Jfewton  was  aware  of  this ; 
but  Clairaut,  in  1V43,  in  his  Mgure  of  the  Earth,  proved  this  and 
many  other  important  results  of  the  attraction  of  Uie  particles.  Espe- 
cially he  established  that,  in  proportion  as  the  fraction  expressing  the 
Ellipticity  becomes  smaller,  that  expressing  the  Excess  of  the  polar 
over  the  equatorial  gravity  becomes  larger ;  and  he  thus  connected  the 
measures  of  the  ellipticity  obtained  by  means  of  Degi'ees,  with  those 
obtained  by  means  of  Pendulums  in  different  latitudes. 

The  altered  rate  of  a  Pendulum  when  earned  towards  the  equator, 
had  been  long  ago  observed  by  Kicher  and  Halley,  and  had  been 
quoted  by  Newton  as  confirmatory  of  his  theory.  Pendulums  were 
swung  by  the  academicians  who  measured  the  degrees,  and  confirmed 
the  general  character  of  the  results. 

But  having  reached  this  point  of  the  verification  of  the  Newtonian 
theory,  any  additional  step  becomes  more  difficult.  Many  excellent 
measures,  both  of  Degrees  and  of  Pendulums,  have  been  made  since  those 
just  mentioned.  The  results  of  the  Arcs"  is  an  Ellipticity  of  l-298tli ; 
— of  the  Pendulums,  an  Ellipticity  of  about  l-285th.     This  difference 

«  Airy,  Fig.  Earth,  p.  2S0. 
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is  considerable,  if  compared  irith  the  quantities  themselves ;  but  does 
not  throw  a  shadow  of  doubt  on  the  truth  of  the  theory.  Indeed,  the 
observations  of  each  kind  exhibit  irregularities  whicJi  we  may  easily 
account  for,  by  ascribing  them  to  the  unknown  distribution  of  the 
denser  portions  of  the  earth ;  but  which  preclude  the  extreme  of  ac- 
curacy and  certainty  in  our  result. 

But  the  near  agreement  of  the  determination,  from  Degrees  and 
from  Peaduluma,  is  not  the  only  coincidence  by  which  the  doctrine  is 
confirmed.  We  can  trace  the  effect  of  the  earth's  Oblateness  in  certain 
minute  apparent  motions  of  the  stars;  for  the  attraction  of  the  sun  and 
moon  on  the  protuberant  matter  of  the  spheroid  produces  the  Preces- 
sion of  the  equinoxes,  and  a  Nntatioa  of  tlie  earth's  axis.  The  Preces- 
sion had  been  tnown  from  the  time  of  Hipparchus,  and  the  existence 
of  Wutation  was  foreseen  by  Newton ;  but  the  quantity  is  so  small,  that 
it  required  consummate  still  and  great  labor  in  Bradley  to  detect  it 
by  astronomical  observation.  Being,  however,  so  detected,  its  amount, 
as  well  as  that  of  the  Precession,  gives  us  the  means  of  determining  the 
amount  of  Terrestrial  Ellipticity,  by  which  the  effect  is  produced.  But 
it  is  found,  upon  calculation,  that  we  caunot  obtain  this  determination 
without  assuming  some  law  of  density  in  the  homogeneous  strata  of 
which  we  suppose  the  earth  to  consist.**  The  density  will  certainly 
inci'ease  in  proceeding  towards  the  centre,  and  there  is  a  simple  and 
probable  law  of  this  increase,  which  will  give  1-SOOth  for  the  Ellipti- 
city, from  the  amount  of  two  lunar  Inequalities  (one  in  latitude  and 
one  in  longitude),  which  are  produced  by  the  earth's  oblateness. 
Nearly  the  same  result  follows  from  the  quantity  of  Nutation.  Thus 
every  thing  tends  to  convince  us  that  the  ellipticity  cannot  deviate 
much  firom  this  fraction, 

[2d  Ed,]  [I  ought  not  to  omit  another  class  of  phenomena  in  which 
the  effects  of  the  Earth's  Oblateness,  acting  according  to  the  law  of 
universal  gravitation,  have  manifested  themselves; — I  speak  of  the 
Moon's  Motion,  as  affected  by  the  Earth's  Ellipticity.  In  this  case,  as 
in  most  others,  observation  anticipated  theory.  Mason  had  inferred 
from  lunar  observations  a  certain  Inequality  ia  Longitude,  depending 
upon  the  distance  of  the  Moon's  Node  from  the  Equinox.  Doubts 
were  entertained  by  astronomers  whether  this  inequality  really  existr 
ed;  but  Laplace  showed  that  such  an  inequality  would  arise  from  the 
oblate  form  of  the  earth ;  and  that  its  magnitude  might  serve  to  de- 

"  Airy,  Fitj.  Eirtk,  p.  235. 
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termviia  the  amount  of  the  oblateness.  Laplace  showed,  at  the  same 
time,  that  aJocg  with  this  Inequality  in  LoDgitude  there  must  be  an 
Inequality  in  Latitude;  and  this  assertion  Eurg  confirmed  by  tho  dis- 
cussion of  observations.  The  two  Inequalities,  as  shown  in  tho  otraer- 
vatiotis,  agi'ee  in  assigning  to  the  earth's  form  an  Eilipticity  of  l-305th.] 

8  — C    fin  f       N  IB  oniun  Theory  hy  Hxpenmenis  on 

The        a  h  f  tho  eartli  to  ouo  another  was  thus 

p  0  ed  by  e  p     m  n     h   h    ho  whole  mass  of  the  earth  is  con- 

end      Bu  mp    ha  n  made  to  measure  the  attraction 

of    ma  n  m     n  a  n      r  artificial  masses.     This  is  an  ex- 

penment  of  great  difficulty ,  for  tlie  attraction  of  such  masses  must  be 
compared  with  that  of  the  earth,  of  which  it  is  a  scarcely  percepti- 
ble fraction ;  and,  moreover,  in  the  case  of  mountains,  the  effect  of 
the  mountain  will  be  modified  or  disguised  by  unknown  or  unappre- 
ciable  circumstances.  In  many  of  the  measurements  of  degrees,  indi- 
cations of  the  attraction  of  mountains  bad  been  perceived ;  but  at  the 
suggestion  of  Maskelyne,  the  experiment  was  carefully  made,  in  1774, 
upon  the  mountain  Schehallien,  in  Scotland,  the  mountain  being  min- 
eralogioally  surveyed  by  Playfair.  The  result  obtained  was,  that  the 
attraction  of  the  mountain  drew  the  plumb-line  about  sis  seconds  firom 
the  vertical ;  and  it  was  deduced  from  this,  by  Hutton'a  calculatiouB, 
that  the  density  of  the  earfh  was  about  once  and  four-fifths  that  of 
Schehallien,  or  four  and  a  half  times  that  of  water. 

Cavendish,  who  had  suggested  many  of  the  artifices  in  this  calcula- 
tion, himself  made  the  experiment  in  the  other  form,  by  using  leaden 
balls,  about  nine  inches  diameter.  This  observation  was  conducted 
with  an  extreme  degree  of  ingenuity  and  delicacy,  which  could  alone 
mate  it  valuable;  and  the  result  agreed  very  nearly  with  that  of  the 
Schehallien  experiment,  giving  for  the  density  of  the  earth  about  five 
and  one-third  times  that  of  water.  Nearly  the  same  result  was  ob- 
tained by  Carlini,  in  1824,  from  observations  of  the  pendulum,  made 
at  a  point  of  the  Alps  (the  Hospice,  on  Mount  Cenis)  at  a  considerable 
elevation  above  the  average  surface  of  the  earth. 
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Sect.  9. — Application  of  the  UTewlonian  Theory  to  the  Tides. 

Wb  come;  flnally,  to  that  result,  in  which,  most  remains  to  be  done 
for  the  verification  of  the  general  law  of  attraction — the  subject  of  the 
Tides.  Yet,  even  here,  the  verifioation  is  striking,  as  far  as  observa- 
tions have  been  carried.  Ifewton's  theoiy  explaioed,  with  singular 
felicity,  all  the  prominent  circumstances  of  the  tides  then  known  ;— 
the  difference  of  spring  and  neap  tides  ;  the  effect  of  the  moon's  and 
sun's  declination  and  parallax;  even  the  difference  of  morning  and 
evening  tides,  and  the  anomalous  tides  of  particular  places.  About, 
and  after,  this  time,  attempts  were  made  both  by  the  Eojal  Society  of 
England,  and  by  the  French  Academy,  to  collect  numerous  observa- 
tions; but  these  were  not  followed  up  with  sufScient  perseverance. 
Perhaps,  indeed,  the  theory  had  not  been  at  that  time  sufBciently  de- 
veloped ;  but  the  admirable  prize-essays  of  Euler,  Bernoulli,  and 
IPAlembert,  in  1740,  removed,  in  a  great  me^ure,  this  deficiency. 
These  dissertations  supplied  the  means  of  bringing  this  subject  to  the 
same  test  to  which  all  the  other  consequences  of  gravitation  had  been 
aubjecfed ;— -namely,  the  calcnlation  of  tables,  and  the  continued  and 
orderly  comparison  of  these  with  olffiervation.  Laplace  has  attempted 
this  verification  in  another  way,  by  calculating  the  results  of  the  the- 
ory (which  he  has  done  with  an  estraordinary  command  of  analysis), 
and  then  by  comparing  these,  in  supposed  critical  cases,  w'th  th  B  t 
observations.    This  method  has  confirmed  the  tteory  as  f  t       Id 

do  so ;  but  such  a  process  cannot  supersede  the  necessity    f    pply 
the  proper  criterion  of  truth  in  such  cases,  the  constructi  d     n£ 

cation  of  Tables.    Bernoulli's  theory,  on  the  other  hand,  h     b  1 

for  the  construction  of  Tide-tables ;  but  these  have  not  b  P  P  'y 
compared  with  experiment ;  and  when  the  comparison  has  been  made, 
having  been  executed  for  purposes  of  gain  rather  than  of  science,  it 
has  not  been  published,  and  cannot  be  quoted  as  a  verification  of  the 
theory. 

Thus  we  have,  as  yet,  no  sufBcient  comparison  of  fact  with  theory, 
for  Laplace's  is  far  from  a  complete  comparison.  In  this,  as  in  other 
parts  of  physical  astronomy,  our  theory  ought  not  only  to  agree  with 
observations  selected  and  grouped  in  a  particular  manner,  but  with  the 
whole  course  of  observation,  and  with  every  part  of  the  phenomena. 
In  this,  as  in  other  cases,  the  true  theory  should  be  verified  by  ite  giv- 
ing us  the  best  Tables ;  but  Tide-tables  were  never,  I  believe,  caicula- 
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ted  upon  Laplace's  theory,  and  thus  it  was  never  fairly  brought  to  the 
test. 

It  is,  pe  h  p       m    k  hi  'd    '        11  the  experience  which  as- 

tronomy hdf        hdtht  hldhe  expected  .to  reach  the 

completio      t  th     b       h    f  by  mproviiig  the  mathematical 

theory,  witl      t     t  tl  t  m      sc    ta      ig  the  laws  of  the  facta. 

In  all  othe  1  pwt  t  f  t  my  f  instance,  ia  the  cases  of 
the  mooa  I  th  pi  t=,  th  1  a^  ft  s  of  the  phenomena  had 
been  made  out  empirically,  before  the  theory  explained  them.  The 
courae  which  analogy  would  have  recommended  for  the  cultivation  of 
our  inowledge  of  the  tides,  would  have  been,  to  ascertain,  by  an  anal- 
ysis oflong  series  of  observations,  the  effect  of  changes  in  the  time  of 
transit,  parallax,  and  declination  of  the  moon,  and  thus  to  obtain  the 
laws  of  phenomena ;  and  then  proceed  to  investigate  the  laws  of  cau- 
sation. 

Though  this  was  not  the  course  followed  by  mathematical  theorists, 
it  was  really  pm'sued  by  those  who  practically  calculated  Tide-tables ; 
and  the  application  of  knowledge  to  the  useful  purposes  of  life  being 
thus  separated  from  the  promotion  of  the  theory,  was  naturally  treated 
aa  a  gainful  property,  atad  pi'eserved  by  secrecy.  Art,  in  this  instance, 
having  cast  off  her  legitimate  subordination  to  Science,  or  rather,  be- 
ing deprived  of  the  guidance  which  it  was  the  duty  of  Science  to  afford, 
resumed  her  ancient  practices  of  exclusiveness  and  mystery.  Liv- 
erpool, London,  and  other  places,  had  their  Tide-tables,  constructed 
by  undivulged  methods,  which  methods,  in  some  instances  at  least, 
were  handed  down  from  father  to  son  for  several  generations  as  a  fam- 
ily possession ;  and  the  publication  of  new  Tables,  accompanied  by  a 
statement  of  the  mode  of  calculation,  was  resented  aa  an  infvingement 
of  the  rights  of  property. 

The  mode  in  which  these  secret  methods  were  invented,  was  that 
which  we  have  pointed  out; — the  analysis  of  a  considerable  series  of 
observations.  Probably  the  beat  example  of  this  was  afforded  by  the 
Liverpool  Tide-table?.  These  were  deduced  by  a  clergyman  named 
Holden,  from  observations  made  at  that  port  by  a  harbor-master  of  the 
name  of  Hutchinson ;  who  v/as  led,  by  a  love  of  such  pursuits,  to  ob- 
serve the  tides  carefully  for  above  twenty  years,  day  and  night. 
Holden's  Tables,  founded  on  four  years  of  these  observations,  were 
remarkably  accurate. 

At  length  men  of  science  began  to  perceive  that  such  calculations 
were  part  of  thpir  business;  and  that  they  were  called  iipou,  as  the 
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guardians  of  the  established  theory  of  tbe  universe,  to  compare  it  in 
the  greatest  possible  detail  with  the  facts,  Mr.  Lubbock  was  the  firat 
mathematician  who  undertook  tlie  extensive  labors  which  sucli  a  con- 
viction suggested.  Finding  that  regular  tide-observations  had  been 
made  at  the  London  Docks  from  1795,  he  took  nineteen  years  of  these 
{purposely  selecting  the  length  of  a  cycle  of  the  motions  of  the  lunar 
orbit),  and  caused  them  (in  1831)  to  bo  analyzed  by  Mr.  Deesiou,  an 
expert  calculator.  He  thus  obtained^'  Tables  for  the  effect  of  the 
Moon's  Declination,  Parallax,  and  hour  of  Transit,  on  the  tides ;  and 
was  enabled  to  produce  Tide-tables  founded  upon  the  data  thus  ob- 
tained. Some  mistakes  in  these  as  first  published  (mistakes  unimpor- 
tant as  to  the  theoretical  value  of  the  work),  served  to  show  the  jeal- 
ousy of  the  practical  tide-table  calculators,  by  the  acrimony  with  which 
the  oversights  were  dwelt  upon ;  but  in  a  very  few  years,  the  tables 
thus  produced  by  an  open  and  seicnijfic  process  were  more  exact  than 
those  which  resulted  from  any  of  the  secrets ;  and  thus  practice  was 
brought  into  its  proper  subordination  to  theory. 

The  theory  with  which  Mr,  Lubbock  was  led  to  compare  his  results, 
was  the  Equilibrium- theory  of  Daniel  Bernoulli ;  and  it  was  found  that 
this  theory,  with  certain  modifications  of  its  elements,  represented  the 
(acts  to  a  remarkable  degree  of  precision.  Mr.  Lubbock  pointed  out 
this  agreement  especially  in  the  semi-mensual  inequality  of  the  times 
of  high  wafer.  The  like  agreement  was  afterwards  (in  1833)  shown 
by  Mr.  Whewell*'  to  obtain  atill  more  accurately  at  Liverpool,  both 
for  the  Times  and  Heights ;  for  by  this  time,  nineteen  years  of  Hutch- 
inson's Liverpool  Observations  had  also  been  discussed  by  Mr.  Lubbock. 
The  other  inequalities  of  the  Times  and  Heights  (depending  upon  the 
Declination  and  Parallax  of  the  Moon  and  Sun,)  were  variously  com- 
pared with  the  Equilibrium-theory  by  Mr,  Lubbock  and  Mr.  Whewell ; 
and  the  general  result  was,  that  the  facts  agreed  with  the  condition  of 
equilibrium  at  a  certain  anterior  time,  but  that  this  anterior  time  was 
different  for  different  phenomena.  In  like  manner  it  appeared  to  fol- 
low from  theseresearches,  that  in  order  to  explain  the  facts,  the  mass  of 
the  moon  must  be  supposed  different  in  the  calculation  at  different  places, 
A  result  in  effect  the  same  was  obtained  by  M.  Daussy,"  an  active 
French  Hjdrographer ;  for  he  found  that  observations  at  various  sta- 
tions could  not  he  reconciled  with  the  formulfe  of  Laplace's  Mecaniqrie 
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Celeste  (in  wtidi  the  ntiu  uf  the  heights  of  spring-tides  aiitl  neap- 
tides  was  computed  on  ^B  -issuraed  mass  of  the  moon)  without  an 
alteration  of  Lvel  which  was,  in  fact,  equivalent  to  an  alteration  of  the 
moon's  mass  Thus  all  things  appeared  to  tend  to  show  that  the 
Equilibrium  theory  would  give  the,  formulx  for  the  inequalities  of  the 
tides,  but  that  the  magnitudes  which  enter  into  these  fonnulsemust  be 
sought  from  observation. 

Whether  this  result  is  consiateut  with  theory,  is  a  question  not  so 
much  of  Physical  Astronomy  as  of  Hydrodynamics,  and  has  not  yet 
been  solved.  A  Theory  of  the  Tides  which  should  include  in  its  con- 
ditions the  phenomena  of  Derivative  Tides,  and  of  their  combinations, 
will  probably  require  all  the  resources  of  the  mathematical  mechan- 

As  a,  contribution  of  empirical  materials  to  the  treatment  of  this 
hydrodynamical  problem,  it  may  be  allowable  to  montion  here  Mr. 
"Whewell's  attempts  to  trace  the  progress  of  the  tide  into  all  the  seas 
of  the  globe,  by  drawing  on  maps  of  the  ocean  what  he  calls  Gotidal 
Lines; — lines  marldng  the  contemporaneous  position  of  the  various 
points  of  the  great  wave  which  carries  high  water  from  shore  to  shore.*^ 
This  is  necessarily  a  task  of  labor  and  difficulty,  since  it  requires  ws  to 
know  the  time  of  high  water  on  the  same  day  in  every  part  of  the 
world ;  but  in  proportion  as  it  is  completed,  it  supplies  steps  between 
onr  general  view  of  the  movements  of  the  ocean  and  the  phenomena 
of  particular  ports. 

Looking  at  this  subject  by  the  light  which  the  example  of  the  his- 
tory of  astronomy  affords,  wc  may  venture  to  repeat,  that  it  will  never 
have  justice  done  it  till  it  is  treated  as  other  parts  of  astronomy  are 
toeated ;  that  is,  till  Tables  of  all  the  phenomena  which  can  bo  observed, 
are  ealcnlated  by  means  of  the  best  knowledge  which  we  at  present 
possess,  and  till  these  tables  are  constantly  improved  by  a  comparison 
of  the  predicted  with  the  observed  faet  A  set  of  Tide-observationa 
and  Tide-ephemerides  of  this  kind,  would  soon  give  to  this  subject  that 
precision  which  marks  the  other  parts  of  astronomy ;  and  would  leave 
an  assemblage  of  unexplained  residual  pherumiena,  in  which  a  careful 
research  might  find  the  materials  of  other  truths  as  yet  unsuspected. 

[2d  Ed.]  [That  there  would  be,  in  the  tidal  movements  of  the  ocean, 
"       "  ts  and  times  of  high  and  low  water  corres- 

I  aMsp  of  OotiM  Lines.     Phil.  Ti-ana. 
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pondinff  to  those  which  the  equilibrmm  theory  gives,  could  be  con- 
sidered only  as  a  conjecture,  till  tlie  eoinparisoii  with  observatioa  was 
made.  It  was,  however,  a  natural  conjecture ;  since  the  waters  of  the 
oceaa  are  at  every  moment  lending  to  acquire  tlie  form  assumed  in  the 
equilibrium  theory  :  and  it  may  be  considered  likely  that  the  causes 
which  prevent  their  assuming  this  form  produce  an  effect  neatly  eon- 
btant  for  each  place.  Whatever  be  thought  of  this  reasoning,  the 
conjecture  is  confirmed  by  observation  with  curious  exactness.  The 
lawfe  of  a  great  number  of  the  tidal  phenomena — namely,  of  the  Semi- 
mensual  Inequality  of  the  Heights,  of  the  Semi-mensual  Inequality 
of  the  Times,  of  the  Diurnal  Inequality,  of  the  effect  of  the  Moon's 
Declination,  of  the  effect  of  the  Moon's  Parallax — are  represented 
very  closely  by  formulie  derived  from  the  equilibrium  theory,  Tlie 
hydrodynamical  mode  of  treating  the  subject  has  not  added  any 
thing  to  the  knowledge  of  the  laws  of  the  phenomena  to  which  the 
other  view  had  conducted  us. 

"We  may  add,  that  Laplace's  assumption,  that  in  the  moving  fluid 
the  motions  must  have  a  penodiciiy  corresponding  to  that  of  the 
forces,  is  also  a  conjecture.  And  though  this  conjectm-e  may,  in  some 
cases  of  the  problem,  be  verified,  by  substituting  the  resulting  expres- 
sions in  the  equations  of  motion,  this  cannot  be  done  in  the  actual  case, 
where  the  revolving  motion  of  the  ocean  is  prevented  by  the  intrusion 
of  tracts  of  land  running  nearly  from  pole  to  pole. 

Yet  in  Mr.  Airy's  Treatise  On  Tides  and  Waves  (ia  the  Shicydo- 
})xdia  Metropolitana)  much  has  been  done  to  bring  the  hydrodynamical 
theory  of  oceanic  tides  into  agreement  with  observation.  In  this  ad- 
mirable work,  Mr.  Airy  has,  by  peculiar  artifices,  solved  problems 
which  come  so  near  the  actual  cases  that  they  may  represent  them.  He 
has,  in  this  way,  deduced  the  laws  of  the  semi-diurnal  and  the  diurnal 
tide,  and  the  other  features  of  the  tides  which  the  equilibrium  theory 
in  some  degree  imitates ;  but  he  has  also,  taking  into  account  the  effect 
of  friction,  shown  that  the  actual  tide  may  be  represented  as  the  tide 
of  an  earlier  epoch; — that  the  relative  mass  of  the  moon  and  sun,  as 
inferred  from  the  tides,  would  depend  upon  the  depth  of  the  ocean 
(Art.  455)  ; — with  many  other  results  remarkably  explaining  the  ob- 
served phenomena.  He  has  also  shown  that  the  relation  of  the  cotidal 
lines  to  the  tide  waves  really  propagated  is,  in  complex  cases,  very 
obscure,  because  different  waves  of  different  magnitudes,  traveling  in 
different  directions,  may  coexist,  and  the  cotidal  line  is  the  compound 
result  of  all  these. 
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With  reference  to  tte  Maps  of  Cotidal  Mnes,  mentioned  ia  tie 
test,  I  may  add,  that  we  are  as  yet  destitute  of  observations  which 
should  supply  th  m  n  f  d  aw  u  h  1  nea  on  a  large  scale  in  the 
Pacific  0  n  Adm  1  Lutk  ha  howe  r  supplied  us  with  some 
valuable  n  at      lad  k      n  th        bject  in  his  Notice  sur  Us 

Marks  Pe-  odq  In  J  g  and  0  a  Borial  et  dans  la  Mer 
Glaciale;  a  d  ha  d  a  n  th  m  a^p  nfly  n  sufficient  data,  in  the 
"White  Sea] 


CHAPTER   V. 
Discoveries  added  to  the  Newtonian  TuEOBr. 

Seel.  1. — Tables  of  Aslrmomical  Mefractian. 

TTTE  have  travelled  over  an  iramenae  field  of  astronomical  and  math- 
'"  ematical  labor  in  the  last  few  pages,  and  have  yet,  at  the  end  of 
every  step,  still  found  ourselves  under  the  jurisdiction  of  the  New- 
tonian laws.  We  are  reminded  of  the  nniversal  monarchies,  where  a 
man  could  not  escape  from  the  empire  without  quitting  the  world. 
We  have  now  to  notice  some  other  discoveries,  in  which  this  reference 
to  the  law  of  universal  giavitation  is  less  immediate  and  obvious ;  1 
mean  the  astronomical  discoveries  respecting  Light 

The  general  truths  to  which  the  estahlisliment  of  the  true  laws  of 
Atmospheric  Refraction  led  astronomers,  were  the  law  of  Deflection  of 
the  raya  of  light,  which  applies  to  all  refractions,  and  the  real  structure 
and  size  of  the  Atmosphere,  so  far  as  it  became  known.  The  great 
discoveries  of  Eomer  and  Bradley,  namely,  the  Velocity  of  Light,  tke 
Aberration  of  Light,  and  the  Nutation  of  the  earth's  asis,  gave  a  new 
distinctness  to  the  conceptions  of  tte  propagation  of  light  in  the  minds 
of  philosophers,  and  confirmed  the  doctrines  of  Copernicus,  Kepler, 
and  Newton,  respecting  the  motions  which  belong  totho  earth. 

The  true  laws  of  Atmospheric  Refraction  were  slowly  discovered. 
Tyeho  attributed  the  apparent  displacement  of  the  heavenly  bodies  to 
the  low  and  gross  part  of  the  atmosphere  only,  and  hence  made  it 
cease  at  a  point  half-way  to  the  zenith  ;  but  Kepler  rightly  extended 
it  to  the  zenith  itself,  Dominic  Cassini  endeavored  to  discover  the 
law  of  this  correction  by  observation,  and  gave  his  result  in  the  form 
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whick,  as  we  hue  sai'l,  Bound  science  pitsuibe"  a  faWe  to  he  h  bitu 
ally  used  for  ill  obaei^ations  But  great  ilifiii-ulties  at  fhis  tim«  em 
barrassed  this  investigation,  tor  the  pirallaxea  ot  the  sun  ind  of  the 
planets  were  unknown,  and  \eiy  diveise  values  h-id  been  assignel 
them  by  different  aatrouomers  To  iemo\e  sime  of  these  difccultie", 
Richer,  in  1 762,  went  to  observe  at  the  equ-itor ,  and  on  his  return 
Caasini  was  able  to  contrm  and  utnend  his  former  estimations  ot 
parallax  and  retraction  But  theie  nere  still  difiiLultw!  According 
to  La  Hire,  though  the  phenomena  oi  twilight  give  an  altitude  of 
34,000  feiaes  to  the  atmospliero,'  those  of  refraction  moke  it  only 
2000.  JohnCasiini  undeitook  to  support  and  improve  the  calcnla 
tiona  of  his  fother  Dominic,  and  took  the  tme  supposition,  that  the 
light  follows  a,  cuiviIineaT  path  through  the  iii  The  Royal  Sutiet^ 
of  London  hid  already  ascertained  experimenfally  the  lefractive  powei 
of  air,'  Newton  calculated  a  Table  of  Refractions,  which  was  pub- 
lished under  HaUey's  name  in  the  PMlosphieal  Transaelions  for  1121, 
without  any  indication  of  the  method  by  which  it  was  constmcted. 
But  M.  Biot  has  recently  shown,'  by  meaus  of  the  published  corres- 
pondence of  Fiamsteed,  that  Newton  had  solved  the  problem  in  a 
manner  nearly  corresponding  to  the  most  improved  methods  of  modern 


Dominic  Cassini  and  Picard  proved,''  Le  Monnier  in  1738  confirmed 
more  fully,  the  fa*t  that  the  variations  of  the  Thermometer  affect  the 
Refraction.  Mayer,  taking  into  account  both  these  changes,  and  the 
changes  indicated  by  the  Barometer,  formed  a  theory,  which  Lacaille, 
with  immense  labor,  applied  to  the  construction  of  a  Table  of  Refrac- 
tions from  observation.  But  Bradley's  Table  (published  in  1763  by 
Maskelyne)  was  more  commonly  adopted  in  England ;  and  his  formula, 
originally  obtained  empirically,  has  been  shown  by  Young  to  result 
from  the  most  probable  suppositions  we  can  make  respecting  the  atmo- 
sphere. Bessel's  Refraction  Tables  are  now  considered  the  best  of 
those  which  have  appeared. 

Sect,  2. — Discovery  of  ike  Velocit)/  of  Light. — Udmer. 

The  astronomical  history  of  Refraction  is  not  marked  by  any  great 
discoveries,  and  was,  for  the  most  part,  a  work  of  labor  only.     The 
B  of  the   other  portions  of  our  knowledge  respecting  light  is 
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more  stiiking.  In  1G76,  a  gi'eat  number  of  obseivations  of  eclipses  of 
Jupiter's  satellites  wore  accuftiulated,  and  could  be  compared  with  Caa- 
sLni's  Tables,  Eiimer,  a  Danish  astronomer,  whom  Picard  had  brought 
to  Paris,  perceived  that  these  eclipses  happened  constantly  later  than 
the  calculated  time  at  one  season  of  the  year,  and  eariier  at  another 
season; — a  difference  for  ■which  astronomy  could  offer  no  account. 
The  error  was  the  same  for  all  the  satellites ;  if  it  had  depended  on  a 
defect  in  the  Tables  of  Jupiter,  it  might  have  afieeted  all,  but  the  effect 
would  have  had  a  reference  to  the  velocities  of  the  satellites.  The 
cause,  then,  was  something  extraneous  to  Jupiter.  SQmer  had  the 
happy  thought  of  comparing  the  error  with  the  earth's  distance  from 
Jupiter,  and  it  was  found  that  the  eclipses  happened  later  in  proportion 
as  Jupiter  was  further  off.*  Thus  we  see  the  eclipse  later,  as  it  is  more 
remote;  and  thus  light,  the  messenger  which  brings  us  intelligence  of 
the  occurrence,  travels  over  ils  course  in  a  measurable  time.  By  this 
evidence,  light  appeared  to  take  about  eleven  minutes  in  describing 
the  diameter  of  the  earth's  orbit. 

This  discoveiy,  like  so  many  others,  once  made,  appeaia  easy  and 
inevitable ;  yet  Dorainic  Cassiui  had  entertained  the  idea  for  a  moment,^ 
and  had  rejected  it ;  and  Fontenelle  had  congratulated  himself  pub- 
licly on  having  narrowly  escaped  this  seductive  error.  The  objections 
to  the  admission  of  the  truth  arose  principally  from  the  inaccuracy  of 
observation,  and  from  the  persuasion  that  the  motions  of  the  satellites 
were  circular  and  uniform.  Their  irregularities  disguised  the  fact  in 
question.  As  these  irregularities  became  clearly  known,  Edmer'a  dis- 
covery was  finally  established,  and  the  "  Equation  of  Light"  took  its 
place  in  the  Tables. 

Sect.  3. — Discoveiy  of  Aberration. — Bradley. 

Improvements  in  instruments,  and  in  the  art  of  observing,  were  re- 
quisite for  making  the  next  great  step  in  tracing  the  effect  of  the  laws 
of  light.  It  appears  clear,  on  consideration,  that  since  light  and  the 
spectator  on  the  earth  are  both  in  motion,  the  apparent  direction  of  an 
objectwillbedeterminedby  the  composition  of  these  motions.  But  yot 
the  effect  of  this  composition  of  motions  was  (as  is  usual  in  stich  cases) 
traced  as  a  fact  in  observation,  before  it  was  clearly  seen  as  a  conse- 
quence of  reasoning.  This  fact,  the  Aberration  of  Light,  the  greatest 
astronomical  discovery  of  the  eighteenth  century,  belongs  to  Bradley, 

»  Boillj',  ii;  IT.  =  lb.  ii.  419. 
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who  was  then  Professor  of  Astronomy  at  Oxford,  and  afterwards  As- 
tronomer Royal  at  Greenwich.  Molyneiix  and  Bradley,  in  1725,  began 
a  series  of  observations  for  the  purpose  of  ascertainiug,  by  observations 
near  the  zenith,  the  existence  of  an  annual  parallax  of  the  fixed  stars, 
which  Hooke  had  hoped  to  detect,  and  Flamstecd  thought  he  had  dis- 
covered. Bradley'  soon  found  that  the  star  observed  by  him  bad  a 
minute  apparent  motion,  different  from  that  which  the  annual  parallax 
would  produce.  He  thought  of  a  nutation  of  the  earth's  asis  as  a 
mode  of  accounting  for  this ;  but  found,  by  comparison  of  a  star  on  the 
other  aide  of  tho  pole,  that  this  explanation  would  not  apply.  Bradley 
and  Molyneax  then  considered  for  a  moment  an  annual  alteration  of 
^;ure  in  the  earth's  atmosphere,  such  as  might  affect  the  refractions, 
but  this  hypothesis  was  soon  rejected.'  In  1727,  Bradley  resumed  his 
observations,  with  a  new  instrument,  at  Wanstead,  and  obtained  em- 
pirical rules  for  the  changes  of  declination  of  different  stars.  At  last, 
accident  turned  his  thoughts  to  the  direction  in  which  he  was  to  find 
the  cause  of  the  variations  which  he  had  discovered.  Being  in  a  boat 
on  the  Thames,  he  observed  that  the  vane  on  the  top  of  the  mast  gave 
a  different  apparent  direction  to  the  wind,  as  the  boat  sailed  one  way 
or  the  other.  Here  was  an  image  of  his  case  :  the  boat  represented 
the  earth  moving  in  different  directions  at  different  seasons,  and  the 
wind  represented  the  light  of  a  star.  He  had  now  to  trace  the  conse- 
quences of  this  idea ;  he  found  that  it  led  to  Qie  empirical  rules,  which 
he  had  already  discovered,  and,  in  1729,  he  gave  his  discovery  to  the 
Eoyal  Society.  His  paper  is  a  very  happy  narrative  of  liia  labors  and 
luB  thoughts.  His  theory  was  so  sound  that  no  astronomer  ever  con- 
tested it;  and  his  observations  were  so  accurate,  that  the  quantity 
which  he  assigned  as  the  greatest  amount  of  the  change  (one  nineteenth 
of  a  degree)  has  hardly  been  corrected  by  more  recent  astronomers. 
It  must  be  noticed,  however,  that  he  considered  the  effects  in  declinar 
tioE  only ;  the  effects  in  right  ascension  required  a  different  mode  of 
observation,  and  a  consummate  goodness  in  the  machinery  of  clocks, 
which  at  that  time  was  hardly  attained. 

Sect.  i. — Discovery  of  Nutathn. 

When  Bradley  went  to  Greenwich  as  Astronomef  Royal,  he  con- 
tinued with  perseverance  observations  of  the  same  kind  as  those  by 
which  he  had  detected  Aberration.    The  result  of  these  was  another 

'  Rigaxid'B  Bradley.  '  Eigaud,  p.  xiiii. 
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discovery;  aamely,  that  very  Nutation  which  he  had  formerly  rejected. 
This  may  appear  strange,  but  it  33  easily  explained.  The  aberration 
is  an  annual  change,  and  is  detected  by  observing  a  star  at  differ- 
ent seasons  of  the  year ;  the  Nutation  is  a  change  of  which  the  cycle 
is  eighteen  years ;  and  which,  theiefore,  though  it  does  not  much 
ctange  the  place  of  a  star  in  one  year,  ja  discoverable  in  the  altera- 
tions of  several  successive  years.  A  very  few  years'  observations  showed 
Bradley  the  effect  of  this  change/  and  long  before  the  half  cycle  of 
nine  years  Lad  elapsed,  he  had  connected  it  in  his  mind  with  the  true 
cause,  the  motion  of  the  moon's  nodes.  Machin  was  then  Secretary  to 
the  Koyal  Society,'"  and  was  "  employed  in  considering  the  theory  of 
gravity,  and  its  conseq^uencea  ■witb  regard  to  the  celestial  motions :"  to 
bim  Bradley  communicafed  his  conjectures ;  from  bim  he  soon  received 
a  Table  containing  the  results  of  bis  calculations;  and  the  law  was 
found  to  be  the  same  in  th  Table  and  'n  b  tion,  though  the 
quantities  were  somewhat  d  fte  nt  It  app  a  d  by  both,  that  the 
earth's  pole,  besides  the  mot   n  wh   b  tb    p  of  the  equinoxes 

gives  it,  moves,  in  eighteen  j  a  th  ugh  a  n  all  rcle ; — or  rather, 
as  was  afterwards  found  by  B  dl  y  an  11  pse  f  which  the  axes  are 
nineteen  and  fourteen  second 

■  For  the  rigorous  establishm  nt  fth  m  ha  1  th  ory  of  that  effect 
of  the  moon's  attraction  from  wh  h  th  ph  n  m  na  f  Nutation  flow, 
Bradley  rightly  and  prudently  nvil  itb  as.  tan  f  the  great  mathe- 
maticians of  his  time.  D'Alembert,  Thomas  Simpson,  Euler,  and  others, 
answered  this  call,  and  the  result  was,  as  we  have  already  said  in  the 
last  chapter  (Sect.  V),  that  this  investigation  added  another  to  the  rec- 
ondite and  profound  evidences  of  the  doctrine  of  universal  gravitation. 
-  It  has  been  said"  that  Bradley's  discoveries  "assure  him  the  most 
distinguished  place  among  astronomers  after  Hipparchus  and  Kepler." 
If  his  discoveries  bad  been  made  before  Newton's,  there  could  have 
been  no  hesitation  as  to  placing  him  on  a  level  with  those  great  men. 
The  existence  of  such  suggestions  as  the  Newtonian  theory  offered  on 
all  astronomical  subjects,  may  perhaps  dim,  in  our  eyes,  the  brilliance 
of  Bradley's  achievements ;  but  this  circumstance  cannot  place  any 
other  person  above  the  author  of  such  discoveries,  and  therefore  we 
may  consider  Delarabre'a  adjudication  of  precedence  as  well  warranted, 
and 'deserving  to  be  permanent. 
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Sect.  5. — Discover!/  of  ike  Laws  of  Double  Stars. —  Tke  two 
Ilerschels. 

No  truth,  then,  can  be  more  certainly  esta,blished,  thaa  that  the  law 
of  gravitation  prevails  to  the  very  boundaries  of  the  solar  system.  But 
does  it  hold  good  furtter  ?  Do  the  fixed  stars  also  obey  this  universal 
sway  ?  The  idea,  the  question,  is  an  obvious  one — but  where  are  we 
to  find  the  meaca  of  submitting  it  to  tiie  test  of  observation  3 

If  the  Stars  were  each  insulated  from  the  rest,  as  our  Sua  appears  to 
be  from  them,  we  should  have  been  quite  unable  to  answer  this  in- 
quiry. But  among  the  stars,  there  are  some  which  are  called  Double 
Stars,  and  which  consist  of  two  stars,  so  near  to  each  other  that  the 
telescope  alone  can  separate  them.  The  elder  Hersctel  diligently  ob- 
served and  measured  the  relative  positions  of  the  two  stars  in  such 
pairs ;  and  as  has  so  often  happened  in  astronomical  history,  pursuing 
one  object  he  fell  in  with  another.  Supposing  such  pairs  to  be  reaUy 
unconnected,  he  wished  to  learn,  from  their  phenomena,  something  re- 
specting the  annual  parallax  of  the  earth's  orbit.  But  in  the  course  of 
twenty  years'  observations  he  made  the  discovery  (in  1803)  that  some 
of  these  couples  were  turning  round  each  other  with  various  angular 
velocities.  These  revolutions  were  for  the  moat  part  so  slow  that  be 
was  obliged  to  leave  their  complete  determination  as  an  iifheritanee  to 
the  next  generation.  His  son  was  not  careless  of  the  bequest,  and 
after  having  added  an  enormous  mass  of  observations  to  those  of  his 
father,,  he  applied  himself  to  determine  the  laws  of  these  revolutions. 
A  problem  so  obvious  and  so  tempting  was  attacked  also  by  others,  as 
Savary  and  Encke,  in  1830  and  1832,  with  the  resources  of  analysis. 
But  a  problem  in  which  the  data  are  so  minute  and  inevitably  imper- 
fect, required  the  mathematician  to  employ  much  judgment,  as  well  as 
skill  in  using  and  combining  these  data  ;  and  Sir  John  Herscbel,  by 
employing  positions  only  of  the  line  joining  the  pair  of  stars  (which 
can  be  observed  with  comparative  exactness),  to  the  exclusion  of  their 
distances  (which  cannot  be  measured  with  much  correctness),  and  by 
inventmg  a  method  which  depended  upon  the  whole  body  of  obser- 
vation's and  not  upon  selected  ones  only,  for  the  determination  of  the 
motion  has  made  his  investigations  by  far  the  most  satisfactory  of 
those  which  have  appeared.  The  result  is,  that  it  has  been  rendered 
very  probable,  that  in  several  of  the  double  stars  the  two  stars  describe 
eiJipseb  about  each  other;  and  therefore  that  here  also,  at  an  immeaa- 
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urable  distance  from  our  system,  the  law  of  attractiou  aceovding  to 
tbe  inverse  square  of  the  distance,  prevails.  And,  according  to  ti.e 
Dractice  of  astronomers  whon  a  law  has  been  established,  Tables  have 
ieen  calculated  for  the  future  motions ;  and  we  have  Ephemerides  of 
the  revolutions  of  suns  round  each  other,  in  a  regiou  so  remote,  that 
the  whole  circle  of  our  earth's  orbit,  if  placed  there,  would  be  imper- 
ceptible by  our  strongest  telescopes.  The  permanent  comparison  of 
the  observed  with  the  predicted  motions,  continued  for  more  than  one 
revolution,  is  the  severe  and  decisive  tost  of  the  truth  of  the  theory; 
and  the  result  of  this  test  astronomers  arc  now  awaiting. 

[2d  Ed.]  [In  calculating  the  orbits  of  revolving  systems  of  double 
stars,  the  pi       1  fii    Ity    n        t  om  tlie  plane  of  the  orbit 

being;  inpt  kwbtpb  bly  oblique,  to  the  visual  ray. 

Hence  it     m     t    p  ss  th  t  t  ti       bit  be  an  ellipse  described 

about  the  f        by  th    !  f  pi      t   ■}      otion,  it  will  appear  other- 

wise ;  an  I  tb    t  b  t      II  h        to  b     deduced  from  the  apparent 

With  regard  to  a  difSculty  which  has  been  mentioned,  that  the  two 
stars,  if  they  are  governed  by  gravity,  will  not  revolve  the  one  about 
the  other,  but  both  about  their  common  centre  of  gravity  ; — this  cir- 
cumstance adds  little  difficulty  to  the  problem.  Newton  has  shown 
{Pnncip.  lib.  i.  Prop.  61)  in  the  problem  of  two  bodies,  the  relation 
between  the  relative  orbits  and  the  orbit  about  tie  common  centre  of 
gravity. 

How  many  of  the  apparently  double  stars  have  orbitual  motions  ? 
Sir  John  Herschel  in  1833  gave,  in  his  Astronomy  (Art  606),  a  list 
of  nine  stars,  with  periods  extending  from  43  years  (jj  Coronte)  to 
1200  years  (y  Leonis),  which  he  presented  as  the  chief  results  then 
obtained  in  this  department.  In  his  work  on  Double  Stars,  the  fruit 
of  his  labors  in  both  hemispheres,  which  the  astvonomical  world  are 
looking  for  with  eager  expectation,  he  will,  I  believe,  have  a  few  more 
to  add  to  these. 

Is  it  well  established  that  such  double  stars  attract  each  other  accoi'd- 
ing  to  the  law  of  ike  inverse  square  of  the  distance  ?  The  answer  to 
this  question  must  be  determined  by  ascertaining  whether  the  above 
cases  are  regulated  by  the  laws  of  elliptical  motion.  This  is  a  matter 
which  it  must  require  a  long  courae  of  careful  observation  to  determine 
in  such  a  number  of  cases  as  to  prove  the  universality  of  the  rule. 
Perhaps  the. minds  of  astronomers  are  still  in  suspense  upon  the  sub- 
ject   "When  Sir  John  Herschel's  work  shall  appear,  it  will  probably 
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be  found  that  with  regard  to  some  of  these  stars,  and  y  Virginia  in 
particular,  the  conformity  of  the  obaei'vationa  with  the  laws  of  ellipti- 
cal motion  amounts  to  a  degree  of  exactness  which  must  give  astron- 
omers a  strong  conviction  of  the  truth  of  the  law,  For  since  Sir  W. 
Heraehel's  first  measures  in  1781,  the  arc  described  by  one  star  about 
the  other  is  above  805  degrees;  and  during  this  period  the  angular 
annual  motion  has  been  very  various,  passing  through  all  gradations 
from  about  20  minutes  to  80  degrees.  Yet  in  the  whole  of  this  change, 
the  two  curves  constructed,  the  one  from  the  observations,  the  other 
from  the  elliptical  elements,  for  the  purpose  of  comparison,  having  a 
total  ordinate  of  305  parts,  do  not,  in  any  part  of  their  course,  deviate 
irom  each  other  so  much  as  two  such  parts.] 

The  verification  of  Newton's  discoveries  was  sufficient  employment 
for  the  last  century ;  the  first  step  in  tie  extendon.  of  them  belongs  to 
.  this  century.  We  cannot  at  present  foresee  the  magnitude  of  this  task, 
but  every  one  must  feel  that  the  law  of  gravitation,  before  verified  in 
all  the  particles  of  our  own  system,  and  now  probably  extended  to  the 
all  but  infinite  distance  of  the  fixed  stars,  presses  upon  our  minds  with 
a  strong  clmm  to  be  accepted  as  a  universal  law  of  the  whole  material 
creation. 

Thus,  in  this  and  the  preceding  chapter,  I  have  given  a  brief  sketch 
of  the  history  of  the  verification  and  extension  of  Newton's  great  dis- 
covery. By  the  mass  of  labor  and  of  skill  which  this  head  of  our  sub- 
ject includes,  we  may  Judge  of  the  magnitude  of  the  advance  in  our 
knowledge  which  that  discovery  made.  A  wonderful  amount  of  talent 
and  industry  have  been  requisite  for  this  purpose  ;  but  with  these,  ex- 
ternal means  have  co-operated.  Wealth,  authority,  mechanical  skill, 
the  division  of  labor,  the  power  of  associations  and  of  governments, 
have  been  largely  and  worthily  applied  in  bringing  astronomy  to  its 
present  high  and  flourishing  condition.   We  must  consider  briefly  what 
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CHAPTER  VI. 


The  Instruments  and  Aids  or  Astronomy  i 
NiAN  Period, 


Seet.  1. — Instrummls. 


SOME  instruments  or  other  were  employed  at  all  periods  of  astro 
nomicsd  observation.  But  it  was  only  vrhen  obaeryatioa  Lad  at- 
tained a  coEsiderable  degree  of  delicacy,  that  the  exact  construction  of 
instrumente  became  an  object  of  serious  care.  Gradually,  as  the  pos- 
aibiUty  and  tlie  value  of  increased  exactness  became  manifest,  it  ■was 
seen  that  every  thing  ■whicli  could  improve  the  astronomer's  instru- 
ments was  of  high  importance  to  him.  And  hence  in  some  cases  a 
vast  increase  of  size  and  of  expense  was  introduced  ;  in  other  cases  new 
combinations,  or  the  result  of  improvements  in  other  sciences,  wore 
brought  into  play.  Extensive  knowledge,  intense  thought,  and  great 
ingenuity,  were  requisite  in  the  astronomical  instrument  mater.  In- 
stead of  ranking  with  artisans,  he  became  a  man  of  science,  sharing 
the  honor  and  dignity  of  the  astronomer  himself. 

1.  Measure  of  Angles. — Tycho  Brahe  was  the  first  astronomer  who 
acted  upon  a  due  appreciation  of  the  importance  of  good  instruments. 
The  collection  of  such  at  Uraniburg  was  by  far  the  finest  which  had 
ever  existed.  He  endeavored  to  g^ve  steadiness  to  the  frame,  and  ac- 
curacy to  the  divisions  of  hia  instruments.  His  Mural  Quadrant  was 
well  adapted  for  this  purpose;  its  radius  was  five  cubits:  it  is  clear, 
that  as  we  enlarge  the  instrument  we  are  enabled  to  measure  smaller 
arcs.  On  this  principle  many  large  gnomons  were  erected.  Cassini's 
celebrated  one  in  the  church  of  St.  Petroiiius  at  Bologna,  was  eighty- 
three  feet  (French)  high.  But  this  mode  of  obtaining  accuracy  was 
soon  abandoned  for  better  methods.  Three  great  improvements  were 
introduced  about  the  same  time.  The  application  of  the  Mictx)meter 
to  the  telescope,  by  Huyghens,  Malvasia,  and  Anzout;  the  application 
of  the  Telescope  to  the  astronomical  quadrant ;  and  the  fixation  of  the 
centre  of  its  field  by  a  Cross  of  fine  wires  placed  in  the  focus  by  Gas- 
eoigne,  and  afterwards  by  Picard.  We  may  judge  how  great  was  the 
improvement  which  these  contrivances  introduced  into  the  art  of  ol>- 
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serving,  by  fiucling  that  Hevelius  lefufepil  to  adopt  tliem  because  they 
would  make  all  the  old  observations  of  no  value.  He  had  spent  a 
laborious  and  active  life  in  the  exercise  of  the  old  methods,  and  eonld 
not  bear  to  think  that  all  the  treasures  which  he  had  accutnulatod  had 
lost  their  worth  by  the  discovery  of  a  dcw  mine  of  richer  ore. 

i^2d  Ed.]  [Littrow,  in  his  Die  Winder  des  Ifimmels,  Ed.  2,  pp. 
084,  685,  says  that  Gascoigne  invented  and  used  the  telescope  with 
wires  in  the  common  focus  of  the  lenses  iu  1640,  He  refers  fo  I'kil. 
Trans,  xxx.  603.  Picard  reinvented  this  arrangement  in  166^.  I 
have  already  spoken  of  Gascoigne  as  the  inventor  of  the  micrometer. 

Eomer  (already  mentioned,  p.  464)  brought  into  use  the  Ti'ansit 
Instrument,  and  the  employment  of  complete  Circles,  instead  of  the 
Quadrants  used  till  then ;  and  by  these  means  gave  to  practical  astron- 
omy &  new  form,  of  which  the  full  value  was  not  discovered  till  long 
afterwards. 

The  apparent  place  of  the  object  in  the  instrument  being  so  precisely 
determined  by  the  new  methods,  the  exact  Division  of  the  arc  into 
degrees  and  their  subdivisions  became  a  matter  of  great  consequence. 
A  series  of  artists,  principally  English,  have  acquired  distinguished 
places  in  the  lists  of  acientifio  fame  by  their  performances  in  this  way  ; 
and  from  that  period,  particular  instruments  have  possessed  historical 
interest  and  individual  reputation.  Graham  was  one  of  the  first  of 
these  artists.  He  executed  a  great  Mural  Arc  for  Halley  at  Green- 
wich ;  for  Bradley  he  constructed  the  Sector  which  detected  aberra- 
tion. He  also  made  the  Sector  which  the  French  academicians 
carried  to  Lapland ;  and  probably  the  goodness  of  this  instrument, 
compared  with  the  imperfection  of  those  which  were  sent  to  Peru,  was 
one  main  cause  of  the  great  difference  of  duration  in  the  two  series  of 
observations.  Bird,  somewhat  later'  (about  1750),  divided  several 
Quadrants  for  public  observatories.  His  method  of  di^idiDg  was  con- 
sidered so  perfect,  that  the  knowledge  of  it  w  as  purchased  by  the  Eng- 
lish government,  and  published  in  1767  Eamsden  was  equally  cele- 
brated. The  error  of  one  of  his  best  Qmdrants  (that  at  Padua)  is 
said  to  be  never  greater  than  two  seconds  But  at  i  later  period, 
Eamsden  constructed  Mural  Circles  onlj  lulding  this  fo  be  a  kind  of 
instrument  far  superior  to  the  quadi'ant.  He  made  one  of  iive  feet 
diameter,  in  1 788,  for  M.  Piazzi  at  Palermo ;  and  one  of  eight  feet  for 
the  observatory  of  DubUii.     Troughton,  a  worthy  successor  of  the  art- 

1  Mont.  iv.  337. 
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ists  we  have  mentioned,  iias  invented  a  method  of  dividing  tke  circle 
still  superior  to  the  former  ones ;  indeed,  one  which  is  theoretically 
perfect,  and  practically  capable  of  coBsummate  accuracy.  In  this  way, 
circles  have  been  constructed  for  Greenwich,  Armagh,  Cambridge,  and 
many  other  places ;  and  probably  this  method,  carefully  applied,  offers 
to  the  astronomer  as  much  exactness  as  his  other  implements  allow 
hira  to  receive ;  but  the  slightest  casualty  happening  to  such  an  instru- 
ment, after  it  has  been  constructed,  or  any  doubt  whether  the  metliod 
of  graduation  has  been  rightly  applied,  makes  it  unlit  for  the  jealous 
scrupulosity  of  modern  astronomy. 

The  English  artists  sought  to  attain  accurate  measurements  by  con- 
tinued bisection  and  other  aliquot  subdivision  of  the  limb  of  their 
circle ;  but  Mayer  proposed  to  obtain  this  end  otherwise,  by  repeating 
the  measure  on  different  parts  of  the  circnmferenc*  till  the  error  of  the 
division  becomes  unimportant,  instead  of  attempting  to  divide  an  in- 
strument without  error.  This  invention  of  the  Repeating  Circle  was 
zealously  adopted  by  the  French,  and  the  relative  superiority  of  the 
rival  methods  is  still  a  matter  of  difference  of  opinion. 

[2d  Ed.]  [In  the  series  of  these  great  astronomical  mechanists,  we 
must  also  reckon  George  Reichenbach.  He  was  born  Aug.  24,  1772, 
at  Durlaeh ;  became  Lieutenant  of  Artillery  in  the  Bavarian  service 
in  1794;  (Salinenrath)  Commissioner  of  Salt-works  in  1811 ;  and  in 
1820,  First  Commissioner  of  Water-works  and  Eoads.  He  became, 
with  Frannhofer,  the  ornament  of  the  mechanical  and  optical  Institute 
erected  in  1805  at  Ecnedictbeuern  by  Utsschneider ;  and  his  astro- 
nomical instmments,  meridian  circles,  transit  instruments,  equatorials, 
heliometers,  make  an  epoch  in  Observing  Astronomy.  His  contriv- 
ances in  the  Salt-works  at  Berchtesgaden  and  Eeichenhall,  in  the  Arms 
Manufactory  at  Amberg,  and  in  the  works  for  boring  cannon  at  Vienna, 
are  enduring  monuments  of  his  rare  mechanical  talent.  He  died  May 
21, 1826,  atMumch.] 

2,  Clocks, — The  improvements  in  the  measures  of  space  require  cor- 
responding improvements  in  the  measure  of  time.  The  beginning  of 
any  thing  which  we  can  call  accuracy,  in  this  subject,  was  the  applica- 
tion of  the  Pendulum  to  clocks,  by  Huyghens,  in  1656.  That  the 
successive  oscillations  of  a  pendulum  occupy  equal  times,  had  been 
noticed  by  Galileo;  but  in  order  to  take  advantage  of  this  property, 
the  pendulum  must  be  connected  with  machinery  by  which  its  motion 
is  kept  from  languishing,  and  by  which  the  number  of  its  swings  is 
recorded.    By  inventing  such  machinery,  Huyghens  at  once  obtained 
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'8  of  time  more  accurate  than  tlie  sun  itself.  Ilenee  astrou- 
omers  were  soon  led  to  obtain  the  riglit  aacensiou  of  a  star,  not  direct- 
ly, by  measuring  a  Distance  in  the  heavens,  but  indirectly,  by  observ- 
ing the  Moment  of  its  Transit.  This  observation  is  now  made  with  a 
degree  of  accuracy  which  might,  at  first  sight,  appear  beyond  the  limits 
of  human  sense,  being  noted  to  a  tenth  of  a  second  of  time :  but  we 
may  explain  this,  by  remarking  that  though  the  number  of  the  second 
at  which  the  transit  happens  is  given  by  the  clock,  and  is  reckoned 
according  to  the  course  of  time,  the  subdivision  of  the  second  of  time 
into  smaller  fractions  is  performed  by  the  eye, — by  seeing  the  space 
described  by  the  heavenly  body  in  a  whole  second,  and  hence  esli- 
niating  a  smaller  time,  according  to  the  space  which  its  description 
occupies. 

But  in  order  to  make  clocks  so  accurate  as  to  justify  this  degree  of 
precision,  their  construction  was  improved  by  various  persons  in  suc- 
cession, Picard  soon  found  that  Huyghens'  clocks  were  affected  in 
their  going  by  temperature,  for  heat  caused  expansion  of  the  metallic 
pendulum.  This  cause  of  en'or  was  remedied  by  combining  different 
metals,  as  iron  and  copper,  which  expand  in  a  different  degree,  in  sucb 
a  way  that  their  effects  compensate  each  other,  Graham  afterwards 
used  quicksilver  for  the  same  purpose.  The  Escapement  too  (which 
connects  the  force  which  impels  the  clock  with  the  penduhun  which 
regulates  it),  and  other  parts  of  the  machinery,  had  the  most  refined 
mechanical  skill  and  ingenuity  of  the  best  artists  constantly  bestowed 
upon  then.  The  astronomer  of  the  present  day,  constantly  testing  the 
going  of  such  a  clock  by  the  motions  of  the  fixed  stars,  has  a  scale  of 
time  as  stable  and  as  minutely  exact  as  the  scales  on  which  he  meas- 
ures distance. 

The  construction  of  good  Watches,  that  is,  portable  or  marine 
clocks,  was  important  on  another  account,  namely,  because  they  might 
be  used  in  determining  the  longitude  of  places.  Hence  the  improve- 
ment of  this  little  machine  became  an  object  of  national  interest,  and 
was  included  in  the  reward  of  20,000i  which  we  have  already  noticed 
as  offered  by  the  English  pirhiment  tor  the  discovery  of  the  longitude. 
Harrison,'  originally  a  carpentei,  turned  his  mind  to  this  subject  with 
success.  After  thirty  jears  of  laboi,  in  which  he  was  encouraged  by 
many  eminent  persons,  he  produced,  in  175S,  a  time-keeper,  which 
was  sent  on  a  voyage  to  Jamaica  for  trial.     After  161  days,  the  error 

'  Mont  IV  554. 
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of  the  watch  was  only  one  minute  five  seconds,  and  the  artist  received 
from  the  nation  5000?,  At  a  later  period,'  at  the  age  of  seventy-five 
years,  after  a  life  devoted  to  this  ohject,  having  still  further  satisfied 
the  commissioners,  he  received,  in  1Y65,  10,000^,,  at  the  same  time 
that  Euler  and  the  heirs  of  Mayer  received  each  3000?.  for  the  lunar 
tables  which  they  had  coaatructed. 

The  two  methods  of  finding  the  longitude,  by  Chronometers  and 
by  Lunar  Observations,  have  solved  the  problem  for  all  practical  pur- 
poses ;  but  the  latter  could  not  have  been  employed  at  sea  without 
the  aid  of  that  invaluable  instrument,  the  Sextant,  in  which  the  dis- 
tance of  two  objects  is  observed,  by  bringing  one  to  coiacido  apparently 
witli  the  reflected  image  of  the  other.  This  instrument  was  invented 
by  Hadley,  in  1731.  Though  the  problem  of  finding  the  longitude 
be,  in  fact,  one  of  geography  rather  than  astronomy,  it  is  an  application 
of  astronomical  science  which  has  so  materially  afl    ta  1  the  p  t 

our  knowledge,  that  it  deserves  the  notice  we  h       b    to     d    p       t 

3.  Tdesc<^es. — Wo  have  spoten  of  the  appl  t  n  f  th  t  1  p 
to  astronomical  measurements,  but  not  of  th  mp  m  t  f  th 
telescope  itself.  If  we  endeavor  to  augment  th  pt  al  p  w  f  th 
instrument,  wo  ran,  according  to  the  path  w    tat        i  n 

conveniences ; — distortion,  confusion,  want  of  1  ght  1      d  mag 

Distortion  and  confusion  are  produced,  if  we    n  th    m  g;n  fyi  g 

power,  retaining  the  length  and  the  aperture  f  th  >|  t  gl  =s  It 
we  diminish  the  aperture  we  suffer  from  loss  t  1  gl  t  Wh  t  m  n 
then  is  to  increase  the  focal  length.  This  was  d  n  t  a  t  d  j 
extent,  in  telescopes  constructed  in  the  beginn  g  f  th  1  t  t  j 
Huyghens,  in  his  firat  attempts,  made  them  22  feet  long  ;'  afterwards, 
Campani,  by  order  of  Louis  the  Fourteenth,  made  them  of  86, 100,  and 
136  feet.  Huyghens,  by  new  exertions,  made  a  toleacope  210  feet 
long.  Auzout  and  Hartsoecker  are  said  to  have  gone  much  further, 
and  to  have  succeeded  in  making  an  object-glass  of  600  feet  focus. 
But  even  such  telescopes  as  those  of  Campani  are  almost  unmanage- 
able :  in  that  of  Huyghens,  tJie  object-glass  was  placed  on  a  pole,  and 
the  observer  was  placed  at  the  focus  with  an  eye-glass. 

The  most  serious  objection  to  the  increase  of  the  aperture  of  object- 
glasses,  was  the  coloration  of  the  image  produced,  in  consequence  of 
t}ie  unequal  refrangibility  of  differently  colored  rays.  Newton,  who 
discovered  the  principle  of  this  defect  in  lenses,  had  maintained  that 

s  Mont.  iv.  550.  '  Riilly,  ii.  S53. 
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the  evil  was  irremediable,  and  that  a  compouud  lens  could  no  more 
refract  without  producing  color,  than  a  singio  lens  could.  Enler  and 
Elingenatieriia  doubted  the  exactness  of  Newton's  proposition ;  and, 
in  1^55,  Dollond  disproved  it  by  experiment.  This  discovery  pointed 
out  a  method  of  makiiig  object-glasses  which  should  give  no  color ; — 
which  should  be  achromatic.  For  this  purpose  DoUond  fabricated 
various  kinds  of  glass  (flint  and  crown  gla^) ;  and  Clairaut  and 
D'Alembert  calculated  formulie.  Doilond  and  his  son'  succeeded  in 
constructing  telescopes  of  tJiree  feet  long  (with  a  triple  object-glass) 
which  produced  an  effect  as  great  as  those  of  forty-five  feet  on  the 
ancient  principles.  At  first  it  was  conceived  that  these  discoveries 
opened  the  way  to  a  vast  extension  of  t!ie  astronomer's  power  of 
vision ;  but  it  was  found  that  the  most  material  improvement  was  the 
compendious  size  of  the  new  instruments ;  for,  in  increasing  the  di- 
mensions, the  optician  was  stopped  by  the  imposeibiiity  of  obtaining 
lenses  of  flint-glass  of  very  large  dimensions.  And  this  branch  of  art 
remained  long  stationary ;  but,  after  a  time,  its  epoch  of  advance  again 
arrived.  In  the  present  century,  Fraunhofer,  at  Munich,  with  the  help 
of  Gruinand  and  the  pecuniary  support  of  TJtzschneider,  succeeded  in 
forming  lenses  of  flint-glass  of  a  magnitude  till  then  unheard  of. 
Achromatic  object-glasses,  of  a  foot  in  diameter,  and  twenty  feet  focal 
length,  are  now  no  longer  impossible ;  although  in  such  attempts  the 
artist  cannot  reckon  on  certain  success. 

[2d  Ed.]  [Joseph  Fraunhofer  was  bora  March  6,  Il?,1,  at  Strau- 
bing  in  Bavaria,  the  son  of  a  poor  glazier.  He  was  in  his  earlier 
years  employed  in  his  father's  trade,  so  that  he  was  not  able  to  attend 
school,  and  remained  ignorant  of  writing  and  arithmetic  till  his  four- 
teenth year.  At  a  later  period  he  was  assisted  by  Utzaehneider,  and 
tried  rapidly  to  recover  his  lost  ground.  In  the  year  1800  he  entered 
the  establishment  of  Utzaehneider  as  an  optician.  In  this  establisb- 
ment  (transferred  from  Benedictbeuern  to  Munich  in  1819)  he  soon 
came  to  be  the  greatest  Optician  of  Germany.  His  excellent  tele- 
scopes and  microscopes  are  known  throughout  Europe.  His  greatest 
telescope,  that  in  the  Observatory  at  Dorpat,  has  an  object-glass  of  9 
inches  diameter,  and  a  focal  length  of  13^  feet.  His  written  produc- 
tions are  to  be  found  in  the  Memoirs  of  the  Bavarian  Academy,  in 
Gilbert's  Annalen  der  Phyaik,  and  in  Schumacher's  Astronommhc 
Ifachrichten.     He  died  the  1th  of  June,  1826.] 

«  Baillj,  iii.  118. 
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Such  telescopes  might  be  expected  to  add  something  to  our  knowl- 
edge of  the  heavens,  if  they  had  not  been  anticipated  hy  reflectors  of 
an  equa!  or  greater  scale.  James  Gregory  had  invented,  and  Newton 
had  more  eflicacionsly  introduced,  reflecting  telescopes.  But  these 
were  not  used  with  any  peculiar  effect,  till  the  elder  Herschel  made 
them  his  especial  study.  His  skill  and  perseverance  in  grinding 
specala,  and  in  contriving  the  best  apparatus  for  their  use,  were  tc- 
waided  by  a  number  of  curious  and  striking  discoveries,  among  which, 
as  we  have  already  related,  was  the  discovery  of  a  new  planet  beyond 
Saturn.  In  1189,  Herschel  surpassed  all  his  former  attempts,  by 
bringing  into  action  a  reflecting  telescope  of  forty  feet  length,  with  a 
speculum  of  four  feet  in  diameter.  The  first  application  of  this  mag- 
nificent instrument  showed  a  new  satellite  {the  sixth)  of  Saturn,  He 
and  his  son  have,  with  reflectors  of  twenty  feet,  made  a  complete 
survey  of  the  heavens,  so  far  as  they  are  viable  in  this  country  ;  and 
the  latter  is  now  in  a  distant  region  completing  this  survey,  by  adding 
to  it  the  other  hemisphere. 

I  p  ki  f  th  mp  ovemenfs  of  telescopes  we  ought  to  notice, 
thtthjla  hnp  ued  in  the  eye-glasses  as  well  as  in  the  oh- 
j  t  las*  Inst  d  f  the  single  lens,  Huyghena  substituted  an  eye- 
p  t  tw     1  n    3,  wh    h,  thongh  introduced  for  another  purpose, 

atta  d  th  bj  t  f  d  troying  color.'  Eamsden's  eye-piece  is  one 
fit  t  b  d  w  th  a  m  meter,  and  others  of  more  complex  construc- 
tion have  been  used  for  various  purposes. 

Sect.  2. — Observatories. 

AsTROHOMY,  which  is  thus  benefited  by  the  erection  of  large  and 
stable  instruments,  requires  also  the  establishment  of  permanent  Ob- 
serratoriej^  supplied  with  funds  for  their  support,  and  for  that  of  the 
observers.  Such  observatories  have  existed  at  all  periods  of  the  his- 
tory of  the  science ;  but  from  the  commencement  of  the  period  which 
we  are  now  reviewing,  they  multiplied  to  such  an  extent  that  we  can- 
not even  enumerate  them.  Yet  we  must  undoubtedly  look  upon  such 
establishments,  and  the  labors  of  which  they  have  been  the  scene,  as 
important  and  essential  parts  of  the  history  of  the  progress  of  astron- 
omy. Some  of  the  most  distinguished  of  the  observatories  of  modern 
times  we  may  mention.    The  first  of  these  were  that  of  Tycho  Braho 

'  Coddington's  Opties,  ii.  21. 
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at  Utaniburg,  and  that  of  the  Landgrave  of  Hesse  Cassel,  at  Cassel, 
where  Rothroan  and  Byrgius  observed.  But  by  far  the  most  irapor- 
tant  observations,  at  least  since  those  of  Tycho,  which  were  the  basis  of 
the  discoveries  of  Eepler  and  B'ewton,  have  been  made  at  Paris  and 
Greenwich.  The  Observatory  of  Paris  was  built  in  1667.  It  was  there 
that  the  first  Cassini  made  many  of  his  discoveries;  three  of  liis  de- 
scendants have  since  labored  in  the  same  place,  and  two  others  of  his 
family,  the  Maraldis ;'  besides  many  other  eminent  astronomers,  as 
Pioard,  La  Hire,  LeiSvre,  Pouchy,  Legentil,  Chappe,  M6ohaiii,  Bouvard. 
Grreenwich  Observatory  was  built  a  few  years  later  (16'I5) ;  and  ever 
since  ifs  erection,  the  observations  there  made  have  been  the  founda- 
tion of  the  greatest  improvements  which  astronomy,  for  tho  time,  re- 
ceived. Flamsteed,  Halley,  Bradley,  Bliss,  Maskelyne,  Pond,  have 
occupied  the  place  in  succession :  on  the  retirement  of  the  last-named 
astronomer  in  1835,  Professor  Airy  was  removed  thither  from  the 
Cambridge  Observatory.  In  every  state,  and  in  almost  every  princi- 
pality in  Europe,  Observatories  have  been  established;  but  these  have 
often  fallen  speedily  into  inaction,  or  have  contributed  Httio  to  the 
progress  of  astronomy,  because  their  observations  have  not  been  pub- 
lished. From  the  same  causes,  the  numerons  private  observatories 
which  exist  throughout  Europe  have  added  little  to  our  knowledge,  ex- 
cept where  the  attention  of  the  astronomer  has  been  directed  to  some 
definite  points;  as,  for  instance,  the  magnificent  labors  of  the  Her- 
schels,  or  tlio  skilful  observations  made  by  Mr.  Pond  with  the  Westbury 
circle,  which  first  pointed  out  tlie  error  of  graduation  of  the  Greenwich 
quadrante.  The  Observations,  now  regularly  published,*  are  those  of 
Greenwich,  begun  by  Maskelyne,  and  continued  quarterly  by  Mr. 
Pond ;  those  of  KSnigsberg,  published  by  Bessel  since  1814 ;  of  Vienna, 
by  Littrow  since  1820;  of  Speier,  by  Schwerd  since  1826;  those  of 
Cambridge,  commenced  by  Airy  in  1828;  of  Armagh,  by  Eobinson 
in  1829.  Besides  these,  a  number  of  useful  observations  have  been 
published  in  journals  and  occasional  forms ;  aa,  for  instance,  those  of 
Zach,  made  by  Seeberg,  near  Goth  a,  since  1788;  and  others  have 
been  employed  in  forming  catalogues,  of  which  we  shall  speak  shortly. 
[2d  Ed.]  [I  have  left  the  statement  of  published  Observations  in 
the  text  as  it  stood  originally.  I  believe  that  at  present  (1847)  the 
twelve  places  contained  in  the  following  list  publish  their  Observations 
quite  regularly,  or  nearly  so ;— Greenwich,  Oxford,  Cambridge,  Vienna, 

'  Mont,  iv.  340.  "  Airy,  Btp.  p.  12B. 
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Berlin,  Dorpat,  Munich,  Geneva,  Paris,  Konigsberg,  Madras,  the  Cape 
of  Good  Hope. 

Littrow,  in  his  translation,  adds  to  the  publications  noticed  in  the 
text  as  containing  astronomical  Observations,  Zach's  Monatliche  Cor- 
respondenz,  Lindenau  and  Bohnenberger's  Zeilschrift  fur  Astronomie, 
Bode'a  Astronomisckes  Jahrhuch,  Schumacher's  Astronomiscke  Nach- 
WcAfen.] 

Nor  has  the  establishment  of  observatories  been  confined  to  Europe. 
In  1T86,  M,  de  Beaucharap,  at  the  expense  of  Louis  the  Sixteenth, 
erected  an  observatory  at  Bagdad,  "built  to  restore  the  Chaldean  and 
Arabian  observations,"  as  the  inscription  stated ;  but,  probably,  the 
restoration  once  effected,  the  maitt  intention  had  been  fulfilled,  and 
little  perseverance  in  observing  was  thought  necessary.  lu  1828,  the 
British  government  completed  the  building  of  an  observatory  at  the 
Cape  of  Good  Hope,  which  Lacaille  had  already  made  an  asfrocom- 
icd  station  by  his  observations  there  at  an  earlier  period  (1V50) ;  and 
an  observatory  formed  in  New  South  Wales  by  Sir  T.  M.  Brisbane  in 
1822,  and  presented  by  him  to  the  government,  is  also  in  activity.  The 
East  India  Company  has  founded  observatories  at  Madras,  Bombay, 
and  St,  Helena;  and  observations  made  at  the  former  of  these  places, 
and  at  St.  Helena,  have  been  published. 

The  bearing  of  the  worfe  done  at  such  observatories  upon  the  past 
progress  of  astronomy,  has  already  been  seen  in  the  preceding  nari'a- 
tive.  Their  bearing  upon  the  present  condition  of  the  science  will  be 
the  subject  of  a  few  remarks  hereafter. 

Sect.  3. — Scientific  Societits. 

The  influence  of  Scientific  Societies,  or  Academical  Bodies,  has  also 
been  very  powerful  in  the  subject  before  us.  In  all  branches  of  knowl- 
edge, the  use  of  such  associations  of  studious  and  inquiring  men  is 
great;  the  clearness  and  colierence  of  a  speculator's  ideas,  and  their 
agreement  with  facta  (the  two  main  conditions  of  seienlifie  truth),  are 
severally  but  beneficially  tested  by  collision  with  other  minds.  In  as- 
tronomy, moreover,  the  vast  extent  of  the  subject  makes  requisite  the 
division  of  labor  and  the  support  of  sympathy.  The  Eoyal  Societies 
of  London  and  of  Paris  were  founded  nearly  at  the  same  time  as  the 
metropolitan  Observatories  of  the  two  countries.  We  have  seen  what 
constellations  of  philosophei's,  and  what  activity  of  research,  existed  at 
those  periods ;  these  philosophers  appear  in  the  lists,  their  discoveries 
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in  the  publ     t  f  th      b       m    t        i  t  S       t  As 

the  progres     f  jhj      1  1  p        p  lly    t     t        my     ttract^ 

ed  more  and  m        dm     t        A    d  w  t  d        th     coun- 

tries.    That    f  B    1     w      t      Jed  by  )>  b    t  1  10     th  t  of  St. 

Petersburg  was      t  bl  h  d  by  P  t      th     C      t        125         I  both 
these  have  p    d       1  h    hly       I    hi     M  I     m        modern 

times  these  t         h        malt  j  1    d    1       t  h  y     d  th    p  wer  of 

estimation.    Thyh        b        fml  Jgtd  bthof 

locality  andf      lit        fmblttlip         t      tetf      ence, 
and  the  vast  p  p  I  t         ft        It     t  It        11  h         1  ss  to  at^ 

tempt  to  gi        VI  w     th       f  th  mb  f  th  m  us  mass 

of  scientific  Itetu-whhth      T  t        p         t-Btw    may 

notice^  as  esp       Hy  t  1      tl  p         t     bj    t  th   A  t    nom- 

ical  Society  of  London,  founded  m  18.0,  whi^h  ga\L.  s.  stion^  impulse 
'  to  the  pursuit  of  the  science  in  England. 

Sect.  4. — Patrons  of  Astronomy. 

The  advaniagcs  which  Jeifers  and  philosophy  derive  from  the  pat- 
ronage of  the  great  have  sometames  been  questioned ;  that  love  of 
knowledge,  it  haa  been  thought,  cannot  be  genuine  which  reciuires 
such  stimulation,  nor  those  speculations  free  and  true  which  are  thus 
forced  into  being.  In  the  sciences  of  observation  and  calculation, 
however,  in  which  disputed  questions  can  be  eiperimentally  decided, 
and  in  which  opinions  are  not  disturbed  by  men's  practical  principles 
and  interests,  there  is  nothing  necessarily  operating  to  poison  or  neu- 
tralize tie  wh  h  w  1th  d  p  1 1  Ij  '  ^1  t 
tion  of  truth 
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the  king  had  conferred  upon  him,  fixed  him  in  France.  The  impulse 
which  his  arrival  (in  1669)  and  his  residence  gave  to  astronomy, 
showed  the  wisdom  of  the  measure.  In  the  same  spirit,  the  French 
government  drew  to  Paris  Homer  from  Denmark,  Huygbens  from  Hol- 
land, and  gave  a  pension  to  Hevelius,  and  a  large  aum  when  his  ob- 
servatory at  Dantzie  had  been  destroyed  by  fire  in  1679. 

When  the  sovereigns  of  Prussia  and  RiKsia  were  exerting  themselves 
to  encourage  the  seieEces  in  their  countries,  they  followed  the  same 
course  which  had  been  so  successful  in  France.  Thus,  as  we  have  said, 
the  Czar  Peter  took  Delisle  to  Petersburg  in  1725;  tbe  celebrated 
Frederick  the  Great  drew  to  Berlin,  Voltaire  and  Maupertuis,  Eiiler  and 
Lagrange ;  and  the  Empress  Catharine  obtained  in  the  same  way  Euler, 
two  of  the  Bemoullis,  and  other  mathematicians.  In  nooe  of  these  in- 
stances, however,  did  it  happen  that  "the  generous  plant  did  still  its 
stock  renew,"  as  we  have  seen  was  the  case  at  Pins,  with  the  Ciss  n!s 
and  their  kinsmen  the  MaraHis 

[2d  Ed.]  [I  may  notice  among  instances  of  the  pitr  n<ige  of  A? 
tronomy,  the  rewarJ  <tt  piesent  oftered  bv  the  King  of  Denmark  for 
the  discovery  of  a  f  >rapt  ] 

It  is  not  necessaiy  tj  mention  heie  the  more  leccnt  c^ies  in  which 
sovereigns  or  statesmen  ha^i,  atlemptel  t  patiomze  indiv  1  ill  is 
tronomers. 

Stet  5 — islionomtcal  I'^peditiots 

Besides  tie  pensions  thus  lestowed  ujcn  lesident  mathem^t  uan^ 
and  astronomers,  the  govermnents  ot  Europe  have  wisely  ind  usefully 
employed  consideriUe  sums  upon  esjeiit  ona  and  tra\eK  undeitaken 
by  men  of  science  for  some  appropriate  object  Thus  Pitard  in  1071 
was  sent  to  TJraniburg,  the  scene  of  Tycho's  observations,  to  determine 
its  latitude  and  its  longitude.  He  found  that  "  the  City  of  the  Skies" 
had  utterly  disappeared  from  the  earth ;  and  even  its  foundations  were 
retraced  with  difficulty.  With  the  same  object,  that  of  accurately 
connecting  the  labors  of  the  places  which  had  been  at  different  periods 
the  metropolis  of  astronomy,  Chazellea  was  sent,  in  1693,  to  Alexan- 
dria, We  have  already  mentioned  Richer's  astronomical  expedition 
to  Cayenne  in  1672.  Varin  and  Destayes^  were  sent  a  few  years  later 
into  the  same  regions  for  similar  purposes.    Halley'a  expedition  to  St. 

»  Bnilly,  ii.  3H. 
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Helena  in  167'?,  with  the  view  of  observing  the  southern  stars,  was  at 
his  own  expense ;  hut  at  a  later  period  (in  1698),  he  was  appointed  to 
the  command  of  a  small  vessel  by  King  "William  the  Third,  in  order 
that  he  might  mate  his  magnetical  observations  in  all  parts  of  the 
world.  Lacaille  was  maintained  hy  the  French  government  four  years 
at  the  Cape  of  Good  Hope  (1760--4),  for  the  purpose  of  otserving  the 
stars  of  the  southern  hemisphere.  The  two  transits  of  Venus  in  1761 
and  lY69,  occasioned  expeditions  1x>  be  sent  to  Kamlschatka  and  To- 
bolsk by  the  Russians;  to  the  lale  of  France,  and  to  Coromandej,  by 
the  French  ;'"  to  the  isles  of  St.  Helena  and  Otaheite  by  the  English  ; 
to  Lapland  and  to  Drontheim,  by  the  Swedes  and  Danes.  I  shall  not 
here  refer  to  the  me^ures  of  degrees  executed  by  various  nations,  still 
less  the  innumerable  surveys  by  land  and  sea ;  but  I  may  just  notice 
the  successive  English  expeditions  of  Captains  Basil  Hall,  Sabine,  and 
Foster,  for  the  pnrposo  of  determining  the  length  of  the  seconds'  pen- 
dulum ia  different  latitudes ;  and  the  voyages  of  M,  Biot  and  others, 
sent  by  the  French  government  for  the  same  purpose.  Much  has  been 
done  in  this  way,  but  not  more  than  the  progress  of  astronomy  abso- 
lutely required ;  and  only  a  small  portion  of  that  which  the  comple- 
tion of  the  subject  calls  for. 

Sect.  6. — Present  State  of  Asironomy. 

Abtkonomz,  in  its  present  condition,  is  not  only  much  the  most  ad- 
vanced of  the  sciences,  but  is  also  in  far  more  favorable  circumstances 
than  any  other  science  for  making  any  future  advance,  as  soon  as  this 
19  po=aible  The  general  methods  and  conditions  hy  which  such  an 
ad  antag  is  to  be  obtained  for  the  various  sciences,  we  shall  endeavor 
h  aft  to  throw  some  light  upon ;  but  in  the  mean  time,  we  may 
n  t  ce  h  e  some  of  the  circumstances  in  which  this  peculiar  felicity 
f  th    p     ent  state  of  astronomy  may  be  traced. 

Th  nee  is  cultivated  by  a  number  of  votaries,  with  an  assiduity 

and  labor,  and  with  an  expenditure  of  private  and  public  resources,  to 
which  no  other  subject  approaches ;  and  the  mode  of  its  cultivation  in 
all  public  and  most  private  obsorvatorits,  has  this  character — that  it 
forms,  at  the  same  time,  a  constant  process  of  verification  of  existing 
discoveries,  and  a  strict  searcli  for  any  new  discoverable  laws.  The  ob- 
servations made  are  immediately  referred  to  the  best  tables,  and  cor- 
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reeted  by  the  beat  formula  which  are  known ;  and  if  the  result  of 
such  a  reduction  leaves  any  thing  unaccounted  for,  tte  astronomer  is 
forthwith  curious  and  anxious  to  trace  this  deviation  from  the  expected 
numbers  to  its  rule  and  its  origin  ;  and  till  the  first,  at  least,  of  these 
things  is  performed,  he  is  dissatisSed  and  unquiet.  The  reference  of 
observations  to  the  state  of  the  heavens  as  known  by  previous  researches, 
implies  a  great  amount  of  calculation.  The  exact  places  of  tlie  stars 
at  some  standard  period  are  recorded  in  Catalogues  ;  their  movements, 
according  to  the  laws  hitLerto  detected,  are  arranged  in  Tables  ;  and 
if  these  tables  are  applied  to  predict  the  numbers  whicb.  observation 
on  each  day  ought  to  give,  they  form  Epkemerides.  Thus  the  cata- 
logues of  fixed  stars  of  Flarasteed,  of  Piazzi,  of  Maskelyne,  of  the  As- 
tronomical Society,  are  the  basis  of  all  observation.  To  these  are  ap- 
plied the  Corrections  for  Refraction  of  Bradley  or  Bessel,  and  those 
for  Aberration,  for  Nutation,  for  Pree«aaion,  of  the  best  modern  astron- 
omers. The  observations  so  corrected  enable  the  observer  to  satisfy 
himself  of  the  delicacy  and  fidelity  of  his  measures  of  time  and  space ; 
his  Clocks  and  his  Arcs.  But  this  being  done,  different  stars  so  ob- 
served can  be  compared  with  each  other,  and  the  astronomer  can  then 
endeavor  further  to  correct  his  fundamental  Elements; — his  Catalogue, 
or  his  Tables  of  Corrections.  In  these  Tables,  though  previous  dis- 
covery has  ascertained  the  law,  yet  the  exact  quantity,  the  constant  or 
coefficient  of  the  formula,  can  be  exactly  fixed  only  by  numerous  obser- 
vations and  comparisons.  This  is  a  labor  which  is  still  going  on,  and 
in  which  there  are  differences  of  opinion  on  almost  every  point;  but 
the  amount  of  these  differences  is  the  strongest  evidence  of  the  cer- 
tainty and  exactness  of  those  doctrines  in  which  all  agree.  Thus  Lin- 
denau  makes  the  coefiiciont  of  Nutation  rather  less  than  nine  seconds, 
which  other  astronomers  give  as  about  nine  seconds  and  three-tenths. 
The  Tables  of  Eefraction  are  still  the  subject  of  much  discussion,  and 
of  many  attempts  at  improvement.  And  after  or  amid  these  discus- 
sions, arise  questions  whether  there  be  not  other  correcfaons  of  which 
the  law  has  not  yet  been  assigned.  The  most  remarkable  example  of 
such  questions  is  the  controversy  concerning  the  existence  of  an  An- 
nual Parallax  of  the  fixed  stars,  which  Brinkley  asserted,  and  which 
Pond  denied.  Such  a  dispute  between  two  of  the  best  modern  ob- 
servers, only  proves  that  the  quantity  in  question,  if  it  really  exist,  is 
of  the  same  order  as  the  hitherto  unsurmounted  errors  of  instruments 
and  corrections, 

[2d  Ed,]    [The  belief  in  an  appreciable  parallax  of  some  of  the  fixed 
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stars  appears  to  gain  ground  among  astronomers.  The  parallax  of  61 
Ctfgni,  03  determined  by  Bessel,  is  0"'34  ;  about  one-third  of  a  second, 
or  1-10000  of  a  degree.  That  of  a  Centauri,  as  determined  by  Ma- 
clear,  is  0"-9,  or  1-4000  of  a  degree.] 

But  besides  the  fixed  stars  and  their  corrections,  the  astronomer  has 
the  motions  of  the  planets  for  his  field  of  action.  The  established 
theories  have  given  as  tables  of  these,  from  which  their  daily  places 
are  calculated  and  given  in  our  Ephemerides,  as  the  Berliner  Jakrbuch 
of  Enofee,  or  the  Nautical  Almanac,  published  by  the  government  of 
this  country,  the  Gomumsance  des  Terns  which  appears  at  Paris,  or 
the  Effemeridi  di  Milano.  The  eomparisOTi  of  the  observed  with  the 
tabular  place,  gives  ua  the  means  of  correcting  tko  coefficients  of  the 
tables ;  and  thus  of  obteining  greater  exactness  in  the  constants  of  the 
solar  system.  But  these  constants  depend  upon  tJie  mass  and  form  of 
the  bodies  of  which  the  system  is  composed ;  and  in  this  province,  as 
well  as  in  sidereal  astronomy,  different  determinations,  obtained  by  dif- 
ferent paths,  may  be  compared ;  and  doubts  may  be  raised  and  may 
be  solved.  la  this  way,  the  perturbations  produced  by  Jupiter  on  dif- 
ferent planets  gave  rise  to  a  doubt  vfhether  his  attraction  be  i-eally  pro- 
portional to  his  ma^,  as  the  law  of  universal  gravitation  asserts.  The 
doubt  has  been  solved  by  Nicolai  and  Encke  in  Germany,  and  by  Airy 
in  England.  The  mass  of  Jupiter,  as  shown  by  the  perturbations  of 
Juno,  of  Vesta,  and  of  Encte's  Comet,  and  by  the  motion  of  bis  outer- 
most Satellite,  is  found  to  agree,  though  different  from  the  ma^  pre- 
viously received  on  the  authority  of  Laplace.  Thus  also  Burckhardt, 
Littrow,  and  Airy,  have  corrected  the  elements  of  the  Solar  Tables.  In 
other  cases,  the  astronomer  finds  that  no  change  of  the  coefficients  will 
bring  the  Tables  and  the  observations  to  a  coincidence; — that  a  new 
term  in  the  formula  is  wanting.  He  obtains,  as  far  as  he  can,  the  law 
of  this  unknown  term ;  if  possible,  he  traces  it  to  some  known  or  prob- 
able cause.  Thus  Mr,  Airy,  in  his  examination  of  the  Solar  Tables, 
not  only  found  that  a  diminution  of  the  reeeived  mass  of  Mars  was 
necessary,  but  perceived  discordances  which  led  him  to  suspect  the  ex- 
new  inequality.  Such  an  inequality  was  at  length  found  to 
result  tbeoretically  from  the  attraction  of  Venus.  Encke,  in  his  exam- 
ination of  his  comet,  found  a  diminution  of  the  periodic  time  in  the 
revolutions ;  from  which  he  inferred  the  existence  of  a  resist- 
medium.  Uranus  still  deviates  fi'om  his  tabular  place,  and  the 
cause  remains  yet  to  be  discovered.  (But  see  the  Addilions  to  this 
volume.) 
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Thus  it  is  impossible  that  an  assertion,  false  to  au\  amouut  ivhich 
the  existing  state  ot  obsenation  cm  easily  detti-t,  should  have  any 
abiding  prevalence  in  astronoray  Such  errors  may  long'  keep  their 
ground  in  any  science  which  la  contained  mainly  m  didactic  works, 
and  studied  in  the  closet,  but  not  ictei  upon  elsewhere ; — which  is 
reasoned  upon  much,  but  brought  to  the  tPst  of  experiment  rarely  or 
never.  Here,  on  the  enntrary,  an  error,  if  it  anse,  makes  ifa  way  into 
the  Tables,  into  the  Ephemena,  into  the  observers  nightly  List,  or  his 
sheet  of  Beduotiona,  the  evidence  of  sense  flies  m  its  face  in  a  thousand 
observatories;  the  discrepancy  is  traced  to  its  source,  and  soon  disap- 
pears forever. 

In  tkis  favored  branch  of  knowledge,  the  most  recondite  and  delicate 
discoveries  can  no  more  suffer  doubt  or  contradiction,  than  the  most 
palpable  facts  of  sense  which  the  face  of  nature  offei's  to  our  notice. 
The  last  great  discovery  in  astronomy — the  motion  of  the  stars  arising 
from  Aberration — is  as  obvious  to  the  vast  population  of  astronomical 
observers  in  all  parts  of  the  world,  as  the  motion  of  the  stars  about  the 
pole  is  to  the  casual  night  wanderer.  And  this  immunity  from  the 
danger  of  any  large  error  in  the  received  doctrines,  is  a  firm  platform 
on  which  the  astronomer  can  stand  and  eiert  himself  to  roach  perpet- 
ually furtier  and  further  into  the  re^on  of  the  unknown. 

The  same  scrupulous  care  and  diligence  in  recording  all  that  has 
hitherto  been  ascertained,  has  been  extended  to  those  departments  of 
astronomy  in  which  we  have  as  yet  no  general  principles  which  serve 
to  bind  together  our  acquired  treasures.  These  records  may  be  con- 
sidered as  constituting  a  Descripliw  Astronomy  ;  such  are,  for  instance, 
Catalogues  of  Stars,  and  Maps  of  the  Heavens,  Maps  of  theMooB,  rep- 
resentations of  the  appearance  of  the  Sun  and  Planets  as  seen  through 
powerful  telescopes,  pictures  of  Nebula,  of  Comets,  and  the  like.  Thus, 
besides  the  Catalogue  of  Fundamental  Stars  which  may  he  considered 
as  standard  points  of  reference  for  all  observations  of  the  Sun,  Moon, 
and  Planets,  there  exist  many  largo  catalogues  of  smaller  stars. 
Flarasteed's  Historia  Celestis,  which  much  surpassed  any  previous  cafr 
alogue,  contained  above  SOOO  stars.  But  in  1801,  the  French  ^isto're 
Celeste  appeared,  comprising  observations  of  50,000  stars.  Catalogues 
or  charts  of  other  special  portions  of  the  sky  have  been  published  more 
recently;  and  in  1825,  the  Berlin  Academy  proposed  to  the  astron- 
omers of  Europe  to  carry  on  this  work  by  portioning  out  the  heavens 
among  them. 

[2d  Ed.]    [Before  Flamateed,  the  best  Catalogue  of  the  Stars  was 
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Tycho  Brahe's,  containing  the  places  of  about  1000  stars,  determined 
very  roughly  with  the  naked  eye.  Oa  the  occasion  of  a  project  of 
3,  which  was  offered  to  Charles  11.,  in  1674,  Flam- 
i  that  the  method  was  quite  useless,  in  consequence, 
among  other  thinga,  of  the  inaecuracy  of  Tycho's  places  of  the  stars. 
Flamsteed's  letters  being  shown  King  Charles,  he  was  startled  at  the 
assertion  of  the  fixed  stars'  places  being  false  in  the  Catalogue,  and 
said,  with  some  vehemence,  "He  must  have  them  anew  observed,  ex- 
amined, and  corrected  for  the  use  of  hia  seamen."  This  was  the  im- 
mediate occasion  of  building  Greenwich  Observatory,  and  placing 
Flamsteed  there  as  an  observer.  Flamsteed's  Hisloria  C'elestis  con- 
tained above  3000  stars,  observed  with  telescopic  sights.  It  has  re- 
cently been  republished  with  important  improvements  by  Mr.  Baily. 
See  Bmly's  Flamsteed,  p.  38. 

The  French  Histoire  Celeste  was  published  in  1801  by  Lalaude, 
containing  50,000  stars,  simply  as  observed  by  himself  and  other 
French  astronomers.  The  reduction  of  the  observations  contained  in 
this  Catalogue  to  the  mean  places  at  the  beginning  of  the  year  1800 
may  be  effected  by  means  of  Tables  published  by  Sehumaoher  for  that 
purpose  in  1825. 

In  1807,  Piazai's  Catalogue  of  6748  stars,  founded  on  Maskelyne's 
Catalogue  of  1700,  was  published ;  afterwards  extended  to  7646  stars 
in  1814.  This  is  considered  as  the  greatest  work  undertaken  by  any 
modern  astronomer ;  the  observations  being  well  made,  reduced,  and 
compared  with  those  of  former  astronomers,  Piazzi'a  Catalogue  is 
the  standard  and  accurate  Catalogue,  as  the  Hutoire  Celeste  is  the 
standard  approximate  Catalogue  for  small  stars.  But  the  new  planets 
were  discovered  mostly  by  a  compariaon  of  the  heavens  with  Bode's 
(Berlin)  Catalogue. 

I  may  mention  other  Catalogues  of  Stars  which  have  recently  been 
published.  Pond's  Catalogue  contains  1112  Northern  stara;  John- 
son's, 606;  Wrottesley's,  1318  (in  Right  Ascension  only);  Airy'sFirst 
Cambridge  Catalogue,  726;  his  Greenwich  Catalogue,  1430.  Pear- 
son's has  520  zodiacal  stars ;  Groombridge's,  4243  cireumpolar  stars 
as  fer  aa  50  degrees  of  North  Polar  distance;  Santini's, 
greea  North  of  the  equator.  Besides  these,  Mr.  Taylor 
by  order  of  the  Madras  government,  a  Catalogue  of  11,000  stars  ob- 
served by  him  at  Madras  ;  and  Rnmker,  who  observed  in  the  Obser- 
vatory established  by  Sir  Thomas  Brisbane  at  Paramatta  (in  Australia), 
has  commenced  a  Catalogue  which  is  to  contain  12,000.     Mr.  Baily 
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published  two  Standard  Catalogues ;  that  of  the  Eoyal  Astronomical 
Society,  containing  2881  stars;  and  that  of  the  British  Association, 
containing  8377  stars.  I  omit  otter  Catalogues,  as  those  of  Argel- 
ander,  ifec.,  and  Catalogues  of  Southern.  Stars. 

Of  the  Berlin  Maps,  fourteen  hours  in  Eight  Ascension  have  been 
published ;  and  their  value  may  be  judged  of  by  this  circumstance, 
that  it  was  in  a  great  measure  by  comparing  the  heavens  with  these 
Maps  that  the  new  planet  AstrEea  was  discovered.  The  Zone  observa- 
tions made  at  Konigsbet^,  by  the  late  illustrious  astronomer  Bessel, 
deserve  to  be  mentioned,  as  embracing  a  vast  number  of  stars. 

The  commoa  mode  of  designating  the  Stars  is  founded  upon  the 
ancient  constellations  as  given  by  Ptolemy ;  to  which  Bayer,  of  Augs- 
burg, in  his  JJranometria,  added  the  artifice  of  designating  the  bright- 
est stars  in  each  constellation  by  the  Greet  letters,  a,  P,  y,  Ac,  applied 
in  order  of  brightness,  and  when  these  were  exhausted,  the  Latin  let- 
ters. Flamsteed  used  numbeis.  As  the  number  of  observed  stars  in- 
creased, various  methods  were  employed  for  designating  them ;  and  the 
confusion  which  has  been  thus  introduced,  both  with  regard  to  the 
boundaries  of  the  constellations  and  the  nomenclature  of  the  stars  in 
each,  has  been  much  complained  of  lately.  Some  a.ttempte  have  been 
made  to  rentody  this  variety  and  disorder,  Mr.  Argelander  has  recently 
recorded  stars,  according  to  their  magnitudes  as  seen  by  the  naked 
eye,  ia  a  Ifeue  Uranometrie. 

Among  representations  of  the  Moon  I  may  mention  Hevelius's  Sele- 
nogrc^hia,  a  work  of  former  times,  and  Beer  and  Madler's  Map  of  the 
Moon,  recently  published.] 

I  have  already  said  something  of  the  observations  of  the  two  Her- 
Bchels  on  Double  Stars,  which  have  led  to  a  knowledge  of  the  Jaw  of 
the  revolution  of  such  systems.  But  besides  these,  the  same  illustrious 
astronomers  have  accumulated  enormous  treasures  of  observations  of 
^ebulce  ;  the  materials,  it  may  be,  hereafter,  of  some  vast  new  general- 
ization with  respect  to  the  history  of  the  system  of  the  universe. 

[2d  Ed.]  [A  few  measures  of  Double  Stars  are  to  be  found  in  pre- 
vious astronomical  records.  But  the  epoch  of  the  creation  of  this  part 
of  the  science  of  astronomy  must  be  placed  at  the  beginning  of  the 
present  century,  when  Sir  William  Herschel  (in  1802)  published  in  the 
I'hU.  Trans,  a  Catalogue  of  500  new  Wobulse  of  various  classes,  and  in 
the  Phil.  Trans.  1803,  a  paper  "  On  the  changes  in  the  relative  situa- 
tion of  the  Double  Stars  ia  35  years."  In  succeeding  papers  he  pur- 
sued the  subject.     In  one  in  1814  he  noticed  the  breaking  up  of  the 
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Milky  Way  ia  different  places,  apparently  from  some  principle  of  Attrac- 
tion ;  sad  in  this,  and  in  one  ia  1817,  he  published  those  remarkable 
views  on  the  distribution  of  the  stars  in  our  own  cluster  as  forming  a 
laj-ge  stratum,  and  on  the  connection  of  stars  and  nobulse  (the  stars  ap- 
pearing sometimes  to  be  accompanied  by  nebulse,  sometimes  to  have  ab- 
sorbed a  part  of  the  nebula,  and  sometimes  to  have  been  formed  from 
nebula),  which  have  been  accepted  and  propounded  by  others  as  the  Neb- 
ular Theory.  Sir  William  Herachel's  last  paper  was  a  Catalogue  of  14r> 
new  Double  Stars  communicated  to  the  Astronomical  Society  in  1822. 
In  1827  M.  Slruve,  of  Dorpat  {in  Russia),  published  his  Catalogue 
Nmms,  containing  the  places  of  8113  double  stars.  While  this  was 
going  on,  Sir  John  Hersohel  and  Sir  James  South  published  (in  the 
Phil.  Trans.  1824)  accurate  measures  of  380  Double  and  Triple  Stars, 
to  which  Su-  J.  South  afterwards  added  458.  Mr.  Danlop  published 
measures  of  253  Southern  Double  Stars.  Other  Observations  have  been 
published  by  Capt.  Smyth,  Mr,  Dawes,  &c.  The  great  wort  of  Stnive, 
MensuTce  Micrometrioe,  &a.,cont&\Ki  3134  such  objects,  including  most 
of  Sk  W.  Herschel's  Double  Stars.  Sir  J.  Hei'schel  in  1826,  7,  and  8 
presented  to  the  Astronomical  Society  about  1000  measures  of  Double 
Stars ;  and  in  1830,  good  measures  of  1236,  made  with  his  20-feet  re- 
flector. His  paper  in  vol.  v,  of  the  Ast,  Soc.  Mem.,  besides  measures 
of  364  such  stars,  exhibits  all  the  most  striking  results,  as  to  the  mo- 
tion of  Double  Stars,  whicK  have  yet  been  obtained.  In  1835  he  car- 
ried his  20-feet  reflector  to  the  Cape  of  Good  Hope  for  the  purpose  of 
completing  the  survey  of  Double  Stars  and  Nebulie  in  the  southern 
hemisphere  with  the  same  instruments  which  had  explored  the  north- 
ern skies.  He  returned  from  the  Cape  in  1838,  and  is  now  (1846) 
about  to  give  the  world  the  results  of  his  labors.  Besides  the  stars 
just  mentioned,  his  work  will  contain  from  1500  to  2000  additional 
double  stars;  making  a  gi'oss  number  of  above  8000  ;  in  which  of 
course  are  included  a  number  of  objects  of  no  great  scientific  interest, 
but  in  which  also  are  contained  the  materials  of  the  most  important 
discoveries  which  remain  to  be  made  by  astronomers.  The  publica- 
tion of  Sir  John  Herschel's  great  work  upon  Double  Stars  and  Nebula? 
is  looked  for  with  eager  interest  by  astronomers. 

Of  the  observations  of  Nebulas  we  may  say  what  has  just  been  said 
of  the  observations  of  Double  Stars;— that  they  probably  contain  the 
materials  of  important  future  discoveries.  It  is  impossible  not  to  re- 
gard these  phenomena  with  reference  to  the  Nebular  Hypothesis^ 
which  has  been  propounded  by  Laplace,  and  much  more  strongly  in- 
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sisted  upon  by  otlier  persons ; — namely,  tJie  liypotliesia  tliat  systems  of 
revolving  planets,  of  wliich  the  Solar  System  is  an  example,  arise  from 
the  gradual  contraetioa  and  separation  of  vast  masses  of  nebulous  mat- 
ter. Yet  it  does  not  appear  tliat  any  changes  have  been  observed  in 
nebulse  which  tend  to  conflrm  this  hypothesis ;  and  the  most  powerful 
telescope  in  the  world,  recently  erected  by  the  Eail  of  Eosse,  has  ^ven 
results  which  militate  against  the  hypothesis;  inasmuch  aa  it  has 
shown  that  what  appeared  a  diffused  nebulous  mass  is,  by  a  greater 
power  of  vision,  resolved,  in  all  cases  yet  examined,  into  separate  stars. 
When  astronomical  phenomena  are  viewed  with  reference  to  the 
Nebular  Hypothesis,  they  do  not  belong  so  properly  to  Astronomy,  in 
the  view  here  taken  of  it,  as  to  Cosmogony.  If  suoli  speculations 
should  acquire  any  scientific  value,  we  shall  have  to  arrange  tJiem 
among  those  which.  I  have  called  Palcetiological  Sciences ;  namely, 
those  Sciences  which  contemplate  the  universe,  the  earth,  and  its  in- 
habitants, with  referonee  to  their  historical  changes  and  the  causes  of 
those  changes.] 
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INTEODUOTION. 

fTTHEEE  is  a  difficulty  in  writiDg  for  popular  readers  a  History  of  tte 
•^  Inductive  Sciences,  arising  from  this ; — tiat  tte  sympatiy  of  such 
readers  goes  most  readily  and  naturally  along  the  course  which  leads 
to  false  science  and  to  failure.  Men,  in  the  outset  of  their  attempts  at 
knowledge,  are  prone  to  rush  from  a  few  hasty  observations  of  facta  to 
some  wide  and  comprehensive  principles ;  and  then,  to  frame  a  system 
on  these  principles.  This  is  the  opposite  of  the  method  by  which  the 
Sciences  have  really  and  historically  been  conducted;  namely,  the 
method  of  a  gradual  and  cautious  ascent  from  observation  to  principles 
of  limited  generality,  and  from  them  to  others  more  general.  This 
iatter,  the  true  Scientific  Method,  is  Induction,  and  has  led  to  the  In- 
ductive Sciences.  The  other,  the  spontaneous  and  delusive  course,  h^ 
been  termed  by  Francis  Bacon,  wlio  first  clearly  pointed  out  the  dis- 
tinction, and  warned  men  of  the  error.  Anticipation.  The  hopelessness 
of  this  course  is  tte  great  lesson  of  his  philosophy ;  but  by  tbis  course 
proceeded  all  the  earlier  attempts  of  the  Greek  philosophers  to  obtain 
a  knowledge  of  the  Universe. 

Laborious  observation,  narrow  and  modest  inference,  caution,  slow 
and  gradual  advance,  limited  knowledge,  are  all  unwelcome  efforts  and 
restraints  to  the  mind  of  man,  when  his  speculative  spirit  is  once 
roused :  yet  these  are  the  necessary  conditions  of  all  advance  in  the 
Inductive  Sciences.  Hence,  as  I  kave  said,  it  is  difficult  to  win  the 
sympathy  of  popular  readers  to  the  true  history  of  these  sciences.  The 
career  of  bold  systems  and  fanciful  pretences  of  knowledge  is  more  en- 
tertaining and  striking.  Not  only  so,  but  the  bold  guesses  and  fanci- 
ful reasonings  of  men  unchecked  by  doubt  or  fear  of  failure  are  often 
presented  as  the  dictates  of  Common  Sense; — as  the  plain,  unsophist- 
icated, unforced  reason  of  man,  acting  according  to  no  artificial  rules, 
but  following  its  own  natural  course.     Such  Common  Sense,  while  it 
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oompJacently  plumes  itself  on  its  dear-siglitedness  in  I'ejecting  arbitrary 
sygtems  of  otters,  is  no  less  arbitrary  in  its  own  argnmeniB,  and  often 
no  less  feucifal  in  ita  inventions,  than  those  whom  it  condemns. 

Wo  cannot  take  a  better  representative  of  the  Common  Sense  of  the 
ancient  Greeks  than  Socrates :  and  we  find  that  his  Common  Sense, 
judging  with  such  admirable  sagacity  and  acutenesa  respecting  moral 
and  practical  matters,  offered,  when  he  applied  it  to  physical  questions, 
examples  of  the  unconscious  assumptions  and  fanciful  reasonings  which, 
as  we  have  said,  Common  Sense  on  such  subjects  commonly  involves. 

Socrates,  Xenophon  tells  us  {Memorabilia,  iv.  7),  recommended  his 
friends  not  to  study  astronomy,  so  as  to  pursue  it  into  scientific  details. 
This  was  practical  advice :  but  he  proceeded  further  to  speak  of  the 
palpable  mistakes  made  by  those  who  had  carried  such  studies  far- 
thest. Anaxagoras,  for  instance,  he  said,  held  that  the  Sun  was  a 
pire : — he  did  not  consider  that  men  can  look  at  a  fire,  but  they  cannot 
look  at  the  Sun ;  they  become  dark  by  tie  Sun  shining  apon  them, 
but  not  so  by  the  fire.  He  did  not  consider  that  no  plants  can  grow 
well  except  they  have  sunshine,  but  if  they  are  exposed  to  the  fire  they 
are  spoiled.  Again,  when  he  said  that  the  Sun  was  a  stone  red-hot, 
he  did  not  consider  that  a  stone  heated  by  the  fire  is  not  luminous,  and 
soon  cools,  but  the  sun  is  always  luminous  and  always  hot. 

We  may  easily  conceive  how  a  disciple  of  Anaxagoras  would  reply 
to  these  arguments.  He  would  say,  for  example,  as  we  should  proba- 
bly say  at  present,  that  if  there  were  a  mass  of  matter  so  large  and  so 
hot  as  AnaJragoras  supposed  the  Sun  to  be,  its  light  might  be  as  great 
and  its  heat  as  permanent  as  the  heat  and  light  of  the  sun  are,  as  yet, 
known  to  be.  In  this  case  the  arguments  of  Socrates  are  at  any  rate 
no  better  than  the  doctrine  of  Anaxagoras, 
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CHAPTER   II. 
The    Greek   Schools. 

The  Platonic  Doctrine  of  Ideas. 

IH  speaking  of  the  FouHdation  of  the  Greek  School  Philosophy,  I 
have  referred  to  the  dialogue  entitled  Parmenides,  oommonlj" 
aaoribed  to  Plato.  And  tlie  doctrines  ascribed  to  Parmenides,  in  that 
and  in  other  works  of  ancient  autiors,  are  certainly  remartable  exam- 
ples of  the  tendency  which  prevailed  among  the  Greeks  to  rush  at  once 
to  the  highest  generaUzationa  of  which  the  human  mind  is  capahle. 
The  distinctive  dogma  of  the  Eleatic  School,  of  which  Parmenides  was 
one  of  the  most  illusti'ious  teachers,  was  that  Ml  Things  are  One. 
This  indeed  was  rather  a  doctrine  of  metaphysical  theology  than  of 
physical  science.  It  tended  to,  or  agreed  with,  the  doctrine  that  All 
things  are  God: — the  doctrine  commonly  called  Pantheism.  But  the 
tenet  of  the  Platonista  which  was  commonly  put  in  opposition  to  this, 
that  we  must  seek  The  One  in  the  Many,  had  a  bearing  upon  physical 
science  ;  at  least,  if  we  interpret  it,  as  it  is  generally  interpreted,  that 
we  must  seek  tfic  one  Law  which  pervades  a  multiplicity  of  Phenom- 
ena. We  may  however  fake  the  liberty  of  remarking,  that  to  speak 
of  a  Rule  which  is  exemplified  in  many  cases,  as  being  "the  One  in 
the  Many"  (a  may  of  speaking  by  which  we  put  out  of  sight  the  con- 
sideration what  very  different  kinds  of  things  the  One  and  the  Many 
are),  is  a.  mode  of  expression  which  makes  a  very  simple  matter  look 
very  mysterious  ;  and  is  another  example  of  the  tendency  which  urges 
speculative  men  to  aim  at  metaphysical  generality  rather  than  scien- 
tific truth. 

The  Dialogue  Parmenides  is,  as  I  have  said,  commonly  refen'ed  to 
Plato.     Yet  it  is  entirely  different  in  substance,  manner,  and  tendency 
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fi'om  tlie  most  characteristic  of  the  Platonic  Dialogues.  In  these,  Soc- 
rates is  represented  as  finally  successful  in  refuting  or  routing  his  ad- 
versaries, however  coalideiit  tKeir  tone  and  however  popular  their  as- 
sertions. They  are  angered  or  humbled ;  he  retains  his  good  temper 
and  Lis  aii  of  superiority,  and  when  they  are  exhausted,  he  suros  np 
in  hia  own  way. 

In  the  Parmenides,  on  the  contrary,  every  thing  is  the  reverse  of 
this.  Parmenidos  and  Zeno  exchange  good-humored  smiles  at  Soc- 
rates' criticism,  when  the  bystanders  expect  them  to  grow  angry. 
They  listen  to  Socrates  while  he  propounds  Plato's  doctrine  of  Ideas; 
and  reply  to  him  with  solid  arguments  which  he  does  not  answer,  and 
which  have  never  yet  been  answered.  Parmenides,  in  a  patroniziDg 
way,  lets  him  off;  and  having  dono  this,  being  much  entreated,  he 
pronounces  a  discourse  concerning  the  One  and  the  Many ;  which,  ob- 
scure as  it  may  seem  to  us,  was  obviously  intended  to  he  irrefutable ; 
and  during  the  whole  of  this  part  of  the  Dialogue,  the  friend  of 
Socrates  appears  only  as  a  passive  respondent,  saying  Yes  or  No  as 
the  assertions  of  Parmenides  require  him  t  d  ju^t  n  tl  e  same 
way  in  wtich  the  opponents  of  Socrates  are  r  p  nt  I  n  ther  Dia- 
logues. 

These  circumstances,  to  which  other  histor  al  d  fB  ult  might  be 
added,  seem  to  show  plainly  that  the  Parmen  i     m    1 1  irded  as 

an  Eleatic,  not  as  a  Platonic  Dialogue; — aa      mj       It  fute,  not 

to  assert,  the  Platonic  doctrine  ofldeas. 

The  Platonic  doctrine  of  Ideas  has  an  important  hearing  upon  the 
philosophy  of  Science,  and  was  suggested  in  a  great  measure  by  the 
progress  which  the  Greeks  had  really  made  in  Geometry,  Astronomy, 
and  other  Sciences,  as  I  shall  elsewhere  endeavor  to  show.  This  doc- 
trine has  been  recommended  in  our  own  time,'  as  containing  "  a  mighty 
substance  of  imperishable  truth."  It  cannot  fail  to  be  interesting  to 
see  in  what  manner  the  doctrine  is  presented  by  those  who  thus  judge 
of  it.  The  following  is  the  statement  of  its  leading  features  which  they 
give  us. 

Man's  soul  ia  made  to  contain  not  merely  a  consistent  scheme  of  its 
own  notions,  but  a  direct  apprehension  of  real  and  eternal  laws  beyond 
it.  These  real  and  eternal  laws  are  things  intelligille,  and  not  things 
sensible.  The  laws,  impressed  upon  creation  by  its  Creator,  and  ap- 
prehended by  man,  are  something  equally  distinct  from  the  Creator 

'  A.  Butler's  Lsdwss,  Second  Series,  Lect.  yiii.  p.  132. 
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and  from  man ;  aad  the  whole  maaa  of  them  may  be  termed  the  World 
of  Things  purely  Intelligible. 

Further  ;  there  are  qualities  in  the  Supreme  and  TJltimate  Cause  of 
all,  which  are  manifested  in  his  creation ;  and  not  merely  manifested, 
but  itt  a  manner — after  being  brought  out  of  hia  super-essential  nature 
into  the  stage  of  being  whieh  is  below  him,  but  next  to  him— are 
then,  by  the  causative  act  of  creation,  deposited  in  things,  differencing 
ihem  one  from  the  other,  ao  that  the  things  participate  of  them 
(jieT^ovui),  communicate  with  them  (jcoivbivovai). 

The  Intelligence  of  man,  excited  to  reflection  by  the  impressions  of 
tieae  objects,  thus  (though  themselves  transitory)  participant  of  a 
divine  quality,  may  rise  to  higher  conceptions  of  the  perfections  thus 
faintly  exhibited ;  and  inasmuch  as  tlie  perfections  are  unquestionably 
real  existences,  and  known  to  be  such  in  the  very  act  of  conteroplation, 
this  may  lie  regarded  as  a  distinct  intellectual  apprehension  of  them ; 
— a  union  of  the  Eeason  with  the  Ideas  in  that  sphere  of  being  which 
is  common  to  both. 

Finally,  the  Eeason,  in  proportion  as  it  learns  to  contemplate  the 
Perfect  and  Eternal,  desires  the  enjoyment  of  such  contemplations  in 
a  more  consummate  degree,  and  cannot  bo  fully  satisfied  except  in  tlie 
actual  fruition  of  tie  Perfect  itself. 

These  propositions  taken  together  constitute  the  THHour  of  Ideas. 
When  we  have  to  treat  of  the  Philosophy  of  Science,  it  may  be  worth 
our  while  to  resume  tha  consideration  of  this  subject. 

In  this  part  of  the  History,  the  Tirtiwus  of  Plato  is  referred  to  as 
an  example  of  the  loose  noliona  of  the  Greet  philosophers  in  their 
physical  reasonings.  And  undoubtedly  this  Dialogue  does  remarkably 
exemplify  the  boldness  of  the  early  Greek  attempts  at  generalization 
on  such  subjects.  Yet  in  this  and  in  other  parts  the  writings  of  Plato 
contain  speculations  which  may  be  regarded  as  containing  germs  of 
true  physical  science ;  inasmuch  as  they  assume  that  the  phenomena 
of  the  world  are  governed  by  mathematical  laws ; — by  relations  of  space 
and  number; — and  endeavor,  too  boldly,  no  doubt,  but  not  vaguely  or 
loosely,  lo  assign  those  laws.  The  Platonic  writings  offer,  in  this  way, 
so  much  that  forms  a  Prelude  to  the  Astronomy  and  other  Physical 
Sciences  of  the  Greeks,  that  they  will  deserve  our  notice,  as  supplying 
materials  for  the  next  two  Books  of  the  History,  in  which  these  sub- 
jects are  treated  of. 
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CHAPTER  ni. 
HE  Greek  Physical  Philosophy, 


Francis  Baeoit's  Remarks. 

THOUGH  we  do  not  accept,  as  authority,  even  the  judgments  of 
Francis  Bacon,  and  shall  have  to  estimate  the  strong  and  the 
weak  parts  of  his,  no  less  than  of  other  philosophies,  we  shall  find  his 
remarks  on  the  Greek  philosophers  very  instructive.  Thus  he  says  of 
Aristotle  {N'ov.  Org.  1.  Aph.  Ixiii.)  : 

"  He  is  an  example  of  the  kind  of  philosophy  in  which  much  is 
made  out  of  little;  so  that  the  basis  of  experience  is  too  narrow.  He 
corrupted  liTatural  Philosophy  by  his  Logic,  and  made  the  world  out 
of  his  Categories.  He  disposed  of  the  distinction  of  dense  and  rare,  by 
which  bodies  occupy  more  or  less  dimensions  or  space,  by  the  IKgid 
distinction  of  act  and  power.  He  assigned  to  eack  kind  of  body  a  single 
proper  motion,  so  that  if  they  have  any  other  motion  they  must  re- 
ceive it  from  some  extraneous  source ;  and  imposed  many  other  arbi- 
trary mles  upon  Nature ;  being  everywhere  more  careful  how  one  may 
give  a  ready  answer,  and  make  a  positive  assertion,  than  how  he  may 
apprehend  the  variety  of  nature. 

"  And  this  appears  most  evidently  by  the  comparison  of  his  philoso- 
phy with  the  other  philosophies  which  had  any  vogue  in  Greece.  For 
the  Momoiomerici'  of  Anaxagoras,  the  Aloms  of  Leucippus  and  Democ- 
ritns,  the  Heaven  aud  Earth  of  Parmenides,  the  Love  and  Hate  of 
Empedocles,  the  Fire  of  Heraclitus,  had  some  trace  of  the  thoughts  of 
a  natural  philosopher;  some  savor  of  experience,  and  nature,  and 
bodily  things ;  while  the  Physics  of  Aristotle,  in  general,  sound  only 
of  Logical  Terms. 

"Nor  let  any  one  bo  moved  by  this — that  in  his  books  Of  Animals, 
and  in  his  Problems,  and  in  others  of  his  tracts,  there  is  often  a  quoting 
of  experiments.  For  he  had  made  up  his  mind  beforehand;  and  did 
not  consult  experienco  in  order  to  make  right  propositions  and  axioms, 
but  when  he  had  settied  his  system  to  his  will,  he  twisted  experience 

1  Tor  thoso  tochniORl  forms  of  the  Greeks,  see  See.  3  of  this  chapter. 
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Touud,  and  made  her  bend  to  Lis  system ;  so  that  in  this  way  he  is 
even  more  wrong  than  his  modem  followers,  the  Schoolmen,  who  have 
deserted  experience  altogether," 

We  may  not«  also  what  Bacon  says  of  the  term  SopUsl.  (Aph, 
Ixxi.)  "The  wisdom  of  the  Greeks  was  professorial,  and  prone  to  run 
into  disputations :  which  kind  is  very  adverse  to  the  discovery  of  Truth. 
And  the  name  of  Sophists,  whicK  was  cast  in  the  way  of  contempt,  hy 
those  who  wished  to  'be  reckoned  philosophers,  upon  the  old  professors 
of  rhetoric,  Goigiaa,  Protagoras,  Hippias,  Polns,  does,  in  fact,  fit  the 
whole  race  of  theiu,  Plato,'  Aristotle,  Zeno,  Epicurus,  Theophrastus ; 
and  their  successors,  Chrysippus,  Carueades,  and  the  rest." 

That  these  two  classes  of  teachers,  as  moralists,  were  not  different  in 
their  kind,  hM  heen  urged  hy  Mr.  Grote  in  a  very  striking  and  amus- 

T  manner.  But  Bacon  speaks  of  them  here  aa  physical  philosophers; 

which  character  he  holds  that  all  of  them  were  sophists,  that  is, 
illusory  n 


Aristotl^s  Account  of  the  Rainbow. 

To  exemplify  the  state  of  physical  knowledge  among  the  Greeks,  we 
may  notice  briefly  Aristotle's  account  of  the  Eainbow  ;  a  phenomenon 
so  striking  and  definite,  and  so  completely  explained  by  the  optical 
science  of  later  times.  We  shall  see  that  not  only  the  explanations 
there  offered  were  of  no  value,  but  that  even  the  observation  of  facts, 
so  common  and  so  palpable,  was  inexact.  In  his  Meteorologies  (lib. 
iii,  c.  2)  he  says,  "  The  Eainbow  is  never  more  than  a  semicircle.  And 
at  sunset  and  sunrise,  the  circle  is  least,  but  the  arch  is  greatest ;  when 
the  sun  is  high,  the  circle  is  larger,  but  the  arch  is  less,"  This  is  erro- 
neous, for  the  diameter  of  the  circle  of  which  the  arch  of  the  rainbow 
forms  a  part,  is  always  the  same,  namely  82°.  "After  the  autumnal 
equinox,"  he  adds,  "  it  appears  at  every  hour  of  the  day ;  but  in  the 
summer  season,  it  does  not  appear  about  noon."  It  is  curious  that  he 
did  not  see  the  reason  of  this.  The  centre  of  the  circle  of  which  the 
rainbow  is  part,  is  always  opposite  to  the  sun.  And  therefore  if  the 
sun  be  more  than  41°  above  the  horizon,  the  centre  of  the  rainbow 
will  be  so  much  below  the  horizon,  that  the  place  of  the  rainbow  will 

'  It  iaeuriouatliattheattcmpt  to  show  tlial  Plato's  opponents  were  not  eommonlj' 
illusive  and  immoral  reaaonera,  liaa  been  represented  aa  an  attempt  to  obliterate  the 
diatinetion  of  "  Sophist"  and  "  Philosopher,"— See  A.  Butler's  Zectures,  l  357. 
Nota, 
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b  enti  Ij  b  1  w  th  h  od.  la  the  latitude  of  Athens,  wtich  is  38°, 
tte  eq  at  5        b       tiie  torizon,  and  the  rainbow  can  be  viable 

nly  wh  n  tt  s  n  11°  lower  than  it  is  at  the  equinoctial  Eoon. 
Th  n     L     h  w  show  a  certain  amount  of  careful  observa- 

t    n     a  d        do  th        which  Aristutle  makes  respecting  the  color';. 

Two  unb  w  t  m  t  ppear :  and  of  these,  each  has  three  colors , 
but  th  se  n  tt  t  bow  are  duller ;  and  their  order  opposite  to 
th    e  n  the  nn        F  the  inner  bow  the  first  and  largest  arch  is 

d,  I  t  n  th  ut  b  the  smallest  arch  is  red,  the  nearest  to  the 
inner;  and  the  others  in  order.  The  colors  are  red,  green,  and  purple, 
such  as  painters  cannot  imitai«."  It  is  curious  to  observe  how  often 
modern  painters  disregard  even  the  order  of  the  colors,  which  they 
could  imitate,  if  they  attended  to  it. 

It  may  serve  to  show  the  looao  speculation  which  we  oppose  to 
sdence,  if  we  give  Aristotle's  attempt  to  explain  the  phenomenon  of 
the  Rainbow.  It  is  produced,  he  says  (c.  iv.),  by  Eeflexion  {dv&KXaui^) 
from  a  cloud  opposite  to  the  sun,  when  the  cloud  forms  into  drops. 
And  as  a  reason  for  the  red  color,  he  says  that  a  bright  object  seen 
through  darings  appears  red,  as  the  flame  through  the  smoke  of  a 
fire  of  green  wood.  This  notion  hardly  deserves  notice;  and  yet  it 
was  taken  up  again  by  Gotlie  in  our  own  time,  in  Ha  speculations  con- 
cerning colors. 
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Tlato's  Tim<sus  and  Repiiblk. 

ALTHOUGH  a  great  portion  of  the  physical  apecuktions  of  the 
Greek  philosophers  was  fancifal,  and  consisted  of  doctrines  wHoh 
were  rejected  in  the  suhsequent  progress  of  the  Inductive  Sciences ; 
still  many  of  tiese  speculations  nrnst  be  considered  as,  forming  a  Prel- 
ude to  more  exact  inowlcdge  afterwards  attained ;  and  thus,  as  really 
belonging  to  the  Progress  of  knowledge.  These  speculations  express, 
as  we  have  already  said,  the  conviction  that  the  phenomena  of  nature 
are  governed  by  laws  of  space  and  number ;  and  commonly,  the  math- 
ematical laws  which  are  thus  asserted  have  some  foundation  in  fbe 
facts  of  nature.  This  is  more  especially  the  case  in  the  speculation? 
of  Plato,  It  has  been  justly  stated  by  Professor  Thompson  (A,  But- 
ler's Lectures,  Third  Series,  Loot.  i.  Note  11),  that  it  is  Plato's  merit 
to  have  discovered  that  the  laws  of  the  physical  universe  are  resolvable 
into  numerical  relations,  and  therefore  capable  of  being  represented 
by  mathematical  formulai.  Of  this  truth,  it  is  there  said,  Aristotle 
does  not  betray  the  slightest  consciousness. 

The  Timmus  of  Plato  contains  a  scheme  of  mathematical  and  phys- 
ical doctrines  concerning  the  universe,  which  make  it  far  more  anal- 
ogous than  any  work  of  Aristotle  to  Treatises  which,  in  modem  times, 
have  borne  tbe  titles  of  Frincipia,  System  of  the  World,  and  the  like. 
And  fortunately  the  wort  has  recently  been  well  and  carefully  studied, 
with  attention,  not  only  to  the  language,  but  to  the  doctrines  and  their 
bearing  upon  our  real  knowledge.  Stallbaum  has  published  an  edition 
of  the  Dialogue,  and  has  compared  the  opinions  of  Plato  with  those  of 
Aristotle  on  the  like  subjects.  Professor  Archer  Butler  of  Dublin  has 
devoted  to  it  several  of  his  striking  and  eloquent  Iiectures ;  and  these 
have  been  furnished  with  valuable  annotations  by  Professor  Thompson 
of  Cambridge ;  and  M.  The.  Henri  Martin,  then  Professor  at  Eenues, 
published  in  1841  two  volumes  of  Eludes  mr  le  Tiniee  de  Platon,  in 

Vm.  r.— 32 
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which  the  beatings  of  the  work  on  Sciance  arc  very  fullj  discussed. 
The  Dialogue  treats  not  only  coacerning  the  numerical  laws  of  har- 
moQical  sounds,  of  visual  appearances,  and  of  the  motions  of  planets 
and  stars,  but  also  concerning  teat,  as  well  as  light;  and  concerning 
water,  ice,  gold,  gems,  iron,  rust,  and  other  natural  objects ; — concern- 
ing odors,  tastes,  hearing,  sight,  light,  colors,  and  the  powers  of  sense 
in  general  :^concerning  the  parts  and  organs  of  the  body,  as  the 
bones,  the  marrow,  the  brain,  the  flesh,  miiscles,  tendons,  ligaments, 
nerves ;  the  skin,  the  hair,  the  nails ;  the  veins  and  arteries ;  respira- 
tion ;  generation ;  and  in  short,  every  obvious  point  of  physiology. 

But  the  opinions  delivered  in  the  TimcBUs  upon  these  latter  subjects 
have  little  to  do  with  the  progress  of  real  knowledge.  The  doctrines, 
on  the  other  hand,  which  depend  upon  geometrical  and  arithmetioal 
relations,  are  portions  or  preludes  of  the  sciences  ■which,  in  the  fulness 
of  time,  assumed  a  mathematical  form  for  the  espresaion  of  truth. 
,  Among  these  may  be  mentioned  the  arithmetical  relations  of  har- 
monical  sounds,  to  which  I  have  referred  in  the  Histoiy.  These  occur 
in  various  parts  of  Plato's  writings.  In  the  Timceus,  in  which  the 
numbers  are  most  fully  given,  the  meaning  of  the  numbers  is,  at  first 
sight,  least  obvious.  The  numbers  are  given  as  representing  the  pro- 
portion of  the  parts  of  the  Soul  (Tiwi,  pp.  35,  36),  which  does  not  im- 
mediately refer  us  to  the  relations  of  Sounds.  Bat  in  a  subsequent 
part  of  the  Dialogue  (i1,  b),  we  are  told  that  music  is  a  privilege  of 
the  hearing  given  on  account  of  Harmony ;  and  that  Harmony  has 
Cycles  corresponding  to  the  movements  of  the  Soul  (referring  plainly 
to  those  already  asserted).  And  the  numbers  which  are  thus  given 
by  Plato  as  elements  of  harmony,  are  in  a  great  measure  the  same  as 
those,  which  express  the  musical  relations  of  the  tones  of  the  musical 
scale  at  this  day  in  use,  as  M,  Henri  Martin  shows  [St.  sur  le  Timie, 
note  sxiii).  The  intervals  C  to  D,  C  to  F,  C  to  G,  C  to  0,  are  express- 
ed by  the  fractions  f^,  ^,  \,  |,  and  are  now  called  a  Tone,  a  Fourth,  a 
Fifth,  an  Octave.  They  were  expressed  by  the  same  fractions  among 
the  Greeks,  and  were  called  Tone,  Diatessaron,  Diapenls,  Diapason, 
The  Major  and  Minor  Third,  and  the  Major  and  Minor  Sixth,  were 
however  wanting,  it  is  conceived,  in  the  musical  scale  of  Plato. 

The  Timceus  contains  also  a  kind  of  theory  of  vision  by  reflexion 
from  a  plane,  and  in  a  concave  mirror;  although  the  theory  is  in  this 
case  less  mathematical  and  less  precise  than  that  of  Euclid,  referred  to 
in  chap.  ii.  of  this  Book. 

One  of  the  most  remarkable  speculations  in  the  Tiimxus  is  that  in 
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which  the  Regular  Solids  are  assigned  as  the  forms  of  the  Elometits  of 
which  the  Universe  is  composed.  This  curious  branoh  of  mathematics, 
Solid  Geometry,  had  been  pursued  with  great  zeal  by  Plato  and  his 
friends,  and  with  remarkable  success.  The  five  Eegular  Solids,  the 
Tetrahedron  or  regular  Triangular  Pyramid,  the  Cube,  the  Octahedron, 
the  Dodecahedron,  and  the  leosahedron,  had  been  discovered;  and 
the  reinariable  theorem,  that  of  regular  solids  there  can  be  just  so 
many,  these  and  no  others,  was  known.  And  in  the  Timtmts  it  is  as- 
serted that  the  particles  of  the  various  elements  have  the  forms  of  these 
solids.  Fire  has  the  Pyramid ;  Earth  has  the  Cube ;  Water  the  Octa- 
hedroa ;  Air  the  Icosahedron ;  and  the  Dodecahedron  is  the  plan  of 
the  Universe  itself.  It  yiss  natural  that  when  Plato  had  learnt  that 
other  mathematical  properties  had  a  beating  upon  the  constitution  of 
the  Universe,  he  should  suppose  that  the  singular  property  of  space, 
which  the  existence  of  this  limited  aad  varied  class  of  solids  implied, 
should  have  some  corresponding  property  in  the  Universe,  which  exists 
in  apace. 

We  find  afterwards,  in  Kepler  and  others,  a  recurrence  to  this  as- 
sumption ;  and  we  may  say  perhaps  that  Crystallography  shows  us 
that  there  are  properties  of  bodies,  of  the  most  intimate  kind,  which 
jnvol  h    p  t  1  relations  as  are  exhibited  in  the  Eegnlar  Solids, 

If  th  di  ti  t  n  f  Crystalline  System  ia  bodies  were  hereafter  to  be 
fonnd  to  d  p  nd  upon  the  chemical  elements  which  predominate  in 
thei  mp  t  n  the  admirers  of  Plato  might  point  to  his  doctrine, 
of  th  d  fC  nt  f  m  of  the  particles  of  the  differeat  elements  of  the 
Uni  a     m  t   Prelude  to  such  a  discovery. 

But  the  mathematical  doctrines  concerning  the  parte  and  elements 
of  the  Universe  are  put  forwards  by  Plato,  not  so  much  as  assertions 
concerning  physical  facts,  of  which  the  truth  or  felsehood  is  to  be  de- 
termined by  a  reference  to  nature  herself.  They  are  rather  propounded 
as  examples  of  a  truth  of  a  higher  kind  than  any  reference  to  observa- 
tion can  give  or  can  test,  and  as  revelations  of  principles  such  as  must 
have  prevailed  in  the  mind  of  the  Creator  of  the  Universe ;  or  else  as 
contemplations  by  which  the  miad  of  man  is  to  be  raised  above  the 
region  of  sense,  and  brought  nearer  to  the  Divine  Mind.  In  the  Ti- 
mwm  these  doctrines  appear  rather  in  the  former  of  the  two  lights;  as 
an  espositioa  of  the  accessary  scheme  of  creation,  so  far  as  its  leading 
features  are  concerned.  In  the  seventh  Book  of  the  Polity,  the  same 
doctrines  are  regarded  more  as  a  mental  discipline ;  as  the  necessary 
study  of  the  true  philosopher.     But  in  both  places  these  mathematical 
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propositions  are  represented  aa  Itealities  more  real  than  the  Plieuom- 
ena; — as  a  Natural  Philosophy  of  a  higher  kind  than  the  study  of 
Nature  itself  can  teach.  This  is  no  doubt  an  erroneous  assumption  : 
yet  even  in  this  there  is  a  germ  of  truth ;  namely,  that  the  mathemat- 
ical laws,  which  prevail  in  the  universe,  involve  mathematical  truths ; 
which  being  demonstrative,  are  of  a  higher  and  more  cogent  kind  than 
mere  experimental  truths. 

Notions,  such  as  these  of  Plato,  respecting  a  truth  at  which  science 
is  to  aim,  which  is  of  an  exact  and  demonstrative  kind,  and  is  imper- 
fectly jnanifeatod  in  the  phenomena  of  nature,  may  help  or  may  mis- 
lead inquirers ;  ihey  may  be  flie  impulse  and  the  occasion  to  great  dis- 
coveries ;  or  they  may  lead  to  the  assertion  of  false  and  the  loss  of  true 
doctrines.  Plato  considers  the  phenomena  which  nature  offers  to  the 
senses  as  mere  suggestions  and  rude  sketches  of  the  objects  which  the 
philosophic  mind  is  to  contemplate.  The  heavenly  bodies  and  all  the 
splendors  of  the  sky,  though  the  most  beautiful  of  visible  objects,  be- 
ing only  visible  objects,  are  far  inferior  to  the  true  objects  of  which 
they  are  the  representatives;  They  are  merely  diagrams  which  may 
assist  ra  the  study  of  the  higher  truth ;  as  we  might  study  geometry 
by  the  aid  of  diagrams  constructed  by  some  consummate  artist.  Even 
then,  the  true  object  about  which  we  reason  is  the  conception  which 
we  have  in  the  mind. 

We  have,  I  conceive,  an  instance  of  the  error  as  well  as  of  the  truth, 
to  which  such  views  may  lead,  in  the  speculations  of  Plato  concerning 
Harmony,  contained  in  that  part  of  his  writings  (the  seventh  Book  of 
the  Sepublic),  in  which,  these  views  are  especially  urged.  He  there, 
by  way  of  illustrating  the  superiority  of  philosophical  truth  over  such 
exactness  as  the  senses  can  attest,  spealts  slightingly  of  those  who  take 
immense  pains  in  measuring  musical  notes  and  intervals  by  the  ear,  as 
the  astronomers  measure  the  heavenly  motions  by  the  eye,  "They 
screw  their  pegs  and  pinch  their  strings,  and  dispute  whether  two  notes 
are  the  same  or  not."  Now,  in  truth,  the  ear  U  the  final  and  supreme 
judge  whether  two  notes  are  the  same  or  not.  But  there  is  a  case 
in  which  notes  which  are  nominally  the  same,  are  different  really 
and  to  the  eat ;  and  it  is  probably  to  disputes  on  this  subject,  which 
we  know  did  prevail  among  the  Greek  musicians,  that  Plato  here  re- 
fers. We  may  ascend  from  a  note  A,  to  a  note  Cj  by  two  octaves  and 
a  third.  We  may  also  ascend  from  the  same  note  Ai  to  Cj  by  fifths 
four  times  repeated.  But  the  two  notes  Gj  thus  arrived  at  are  not  the 
same :  they  difi'er  by  a  small  interval,  which  the  Greeks  called  a  Cora- 
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ma,  of  which  the  notes  are  in  the  ratio  of  80  to  81.  That  the  ear 
really  detects  this  defect  of  musical  coincidence  of  tte  two  notes  un- 
der the  proper  conditions,  is  a  proof  of  the  coincidence  of  onr  musical 
perceptions  with  the  mathematical  relations  of  the  notes ;  and  Ja  there- 
fore an  experimental  confirmation  of  the  mathematical  principles  of 
harmony.  But  it  seems  to  be  represented  by  Plato,  that  to  look  out 
for  such  confirmation  of  mathematical  principles,  implies  a  disposition 
to  lean  on  the  senses,  which  he  regards  as  very  unpMlosophical. 

Hero  of  Alexandria. 

The  other  branches  of  mathematical  science  which  I  have  spoken 
of  in  the  History  as  cultivated  by  the  Greeks,  namely  Mechanics  and 
Hydrostatics,  are  not  treated  expressly  by  Plato;  though  we  know 
from  Aristotle  and  others  that  some  of  tie  propositions  of  those  sdencos 
■were  known  about  his  time.  Machines  moved  not  only  by  weights 
and  springs,  but  by  water  and  air,  were  constructed  at  an  early  period. 
Cfesihiua,  who  lived  probably  about  b,  o.  250,  under  the  Ptolemies,  is 
sMd  to  have  invented  a  clepsydra  or  water-clock,  and  an  hydraulic  or- 
gan ;  and  to  have  been  the  first  to  discover  the  elastic  power  of  air, 
and  to  apply  it  as  a  moving  power.  Of  his  pupil  Hero,  the  name  is 
to  this  day  familiar,  through  tie  little  pnenmatic  instrument  called 
Hero's  Fountain,  He  also  described  pumps  and  hydraulic  machines 
of  various  kinds ;  and  an  instrument  which  has  been  spoken  of  by 
some  modern  writers  as  a  steam-engine,  but  which  was  merely  a  toy 
made  to  wtirl  round  by  the  steam  emitted  from  holes  in  its  arms. 
Concerning  mechanism,  besides  descriptions  of  Automatons,  Hero  com- 
posed two  works :  the  one  entitled  Mechanics,  or  Mecftanical  Introduc- 
tions ;  the  other  Saruleos,  tie  Weight-lifter.  In  these  works  the  ele- 
mentary contrivances  by  which  weights  may  be  lifted  or  drawn  were 
spoken  of  as  the  Five  Mechanical  Powers,  the  same  enumeration  of 
such  machines  as  prevails  to  this  day ;  namely,  the  Lever,  the  Wliee) 
and  Axle,  the  Pulley,,  the  Wedge,  and  the  Screw.  In  his  Mechanics, 
it  appears  that  Hero  reduced  all  these  machines  to  one  single  machine, 
namely  to  the  lever.  In  the  Baruleos,  Hero  proposed  and  solved  the 
problem  which  it  was  the  glory  of  Archimedes  to  have  solved  ■  To 
move  any  object  (however  large)  by  any  power  (h  w  m  11)     Th  s, 

as  may  easily  be  conceived  by  any  one  acquaint  1  w  th  th  1  m  ts 
of  Mechanics,  is  done  by  means  of  a  combinati  n  f  th  m  h  al 
powers,  and  especially  by  means  of  a  train  of  tooth  d  wh    1       d      1 
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The  remaining  wriUnga  of  Hero  of  Alexandra  havo  been  the  subject 
of  a  special,  careful,  and  learned  examination  by  M,  Th.  H.  Martin 
(Paris,  1854),  in  which  the  worts  of  this  writer,  Hero  the  Ancient,  as 
he  ifl  sometimes  called,  are  distinguished  from  those  of  another  writer 
of  the  same  name  of  later  date. 

Hero  of  Alexandria  wrote  also,  as  it  appears,  a  treatise  on  Pneu- 
maiks,  in  which  he  described  machines,  either  useful  or  amusing, 
moved  by  the  force  of  air  and  vapor. 

He  also  wrote  a  work  called  Catoptrics,  which  contained  proofs  of 
properties  of  the  rays  of  reflected  light. 

And  a  treatise  On  the  Dioplra;  which  subject,  however,  must  be 
carefully  distinguished  from  the  subject  entitled  Dioptrics  by  the  mod- 
erns. This  latter  subject  treats  of  the  properties  of  refracted  liglit ;  a 
subject  on  which  the  ancients  had  little  exact  knowledge  till  a  later 
period,  as  I  have  shown  in  the  History,  The  Dioplra,  as  understood 
by  Hero,  was  an  instrument  for  taking  angles  so  as  to  measure  the  po- 
sition, and  hence  to  determine  the  distance  of  inaccessible  objects ;  as 
is  done  by  the  Theodolite  in  our  times. 

M,  Martin  is  of  opinion  that  Hero  of  Alexandria  lived  at  a  later 
period  than  is  generally  supposed ;  namely,  after  b.  c.  81. 
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INTRODUCTION. 


rriHE  mathematical  opinions  of  Plato  respecting  t!iG  philosophy  of 
-L  nature,  and  especially  respecting  what  we  commonly  call  "the 
heavenly  bodies,"  the  Sun,  Moon,  and  Planets,  were  founded  upon  the 
view  which  I  ha^  o  already  ds'soril  ed  namely,  thit  it  is  the  business  of 
philosophy  to  aim  at  a  tilth  higher  than  olservafion  can  teai-h  and 
to  solve  problems  which  (be  phenome  la  of  the  universe  only  suggest. 
And  though  the  students  of  natuie  m  moie  lecent  times  h'i^e  learnt 
that  this  is  too  presumptuous  a  notion,  of  b  imin  knowledge,  j  et  the 
very  boldness  ini  hopefulne=s  which  it  involved  nopelled  men  in  the 
pursuit  of  tiulh,  with  more  iigor  tb-m  a  mo  e  timorous  temper  could 
have  done ;  and  the  belief  that  tbeie  must  be  in  nature  mathemitical 
laws  more  exi:,t  thin  e\penence  could  d  scovtr,  stimuhteJ  men  often 
to  discover  true  lint,  though  often  ilso  to  invent  filse  hws  Plato's 
writings,  supplying  ex^m].les  of  both  thosu  proecsae'!  belong  to  the 
Preludeof  true  A«tionomj,TS  well  11  to  thoerroi  of  false  philosophy. 
We  may  find  specimens  of  both  tinds  m  those  parts  of  his  Dialogues 
to  which  we  have  referred  in  the  preceding  Book  of  our  History, 

To  Plato's  merits  in  preparing  the  way  for  the  Theory  of  Epicycles, 
I  have  already  referred  in  Chapter  ii,  of  this  Book.  I  conceive  that 
he  had  a  gi'eat  share  in  that  which  is  an  important  step  in  every  dis- 
covery, the  proposing  distinctly  the  problem  to  ha  solved ;  which  was, 
in  this  case,  as  he  states  it,  To  account  for  the  apparent  movements  of 
the  planets  by  a  combination  of  two  circular  motions  for  each : — the 
motion  of  identity,  and  the  motion  of  difference.  (Tim,.  39,  a.)  In 
the  tenth  Book  of  the  Sepublie,  quoted  in  our  text,  the  spindle  which 
Destiny  or  Necessity  holds  between  her  knees,  and  on  which  are  rings, 
by  means  of  which  the  planets  revolve  round  it  as  an  axis,  is  a  step 
towards  the  conceptionof  the  problem,  as  the  construction  of  a  machine. 

It  will  not  bo  thought  surprising  that  Plato  expected  that  Astron- 
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omy,  when  further  advanced,  would  be  able  to  render  an  account  of 
many  things  for  which  she  has  not  accounted  even  to  this  day.  Thus, 
in  the  passage  in  the  seventh  Book  of  the  Bepuhlic,  he  says  that  the 
philosopher  requires  a  reason  for  the  proportion  of  the  day  to  the 
month,  and  the  month  to  the  year,  deeper  and  more  substantial  than 
mere  observation  can  give.  Yet  Astronomy  has  not  yet  shown  us 
any  reason  why  the  proportion  of  the  limes  of  the  earth's  rotation  on 
its  axis,  the  moon's  revolution  round  the  earth,  and  the  earth's  revolu- 
tion round  the  sun,  might  not  have  been  made  by  the  Creator  quite 
different  from  what  they  are.  But  in  thus  asking  Mathematical  As- 
tronomy for  reasons  which  she  cannot  give,  Plato  was  only  doing  what 
a  great  astronomical  discoverer,  Kepler,  did  at  a  later  period.  One 
of  the  questions  which  Kepler  especially  wished  to  have  answered  was, 
why  there  are  five  planets,  and  why  at  such  particular  distances  from 
the  sun  f  And  it  is  still  more  curious  that  he  thought  ha  had  found 
the  reason  of  these  things,  in  the  relations  of  those  Five  Kegnlar  Solids 
which,  as  we  have  seen,  Plato  was  desirous  of  introducing  into  the  phi- 
losophy of  the  universe.  We  have  Kepler's  account  of  this,  his  im- 
aginary discovery,  in  the  Myatermm  Cosmograpkicum,  published  in 
1596,  as  stated  in  our  History,  Book  v.  Chap;  iv.  Sect.  2. 

Kepler  regards  the  law  which  thus  determines  the  number  and 
magnitude  of  the  planetaiy  orbits  by  means  of  the  five  regular  solids 
as  a  discovery  no  lass  remarkable  and  certain  than  the  Three  Laws 
which  give  his  name  its  imperishable  place  in  the  history  of  astronomy. 

We  are  not  on  this  account  to  think  that  there  is  no  steady  criterion 
of  the  difference  between  imaginary  and  real  discoveries  in  science. 
As  discovery  becomes  possible  by  the  liberty  of  guessing,  it  becomes 
real  by  allowing  observation  constantly  and  authoritatively  to  deter- 
mine the  value  of  guesses.  Kepler  added  to  Plato's  boldness  of  fancy 
his  own  patient  and  candid  habit  of  testing  his  fancies  by  a  rigorous 
and  laborious  comparison  with  the  phenomena  ;  and  thus  his  discover- 
ies led  to  those  of  Newton. 
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The  Globular  Fwm  of  the  Mrtk. 

THERE  ai'e  parts  of  Plato's  writings  which  have  heen  adduced  as 
bearing  upon  the  subsequent  progress  of  science ;  aBd  especially 
upon  the  globular  form  of  tbe  earth,  and  the  other  views  whicli  led  to 
the  discovery  of  America.  In  the  Timceus  we  read  of  a  great  conti- 
nent lying  iu  the  Ocean  west  of  the  Pillars  of  Hercules,  which  Plato 
calls  Atlantis.  He  makes  the  personage  in  his  Dialogue  who  speats 
of  this  put  it  forward  as  an  Egyptian  tradition.  M.  II.  Martin,  who 
has  discussed  what  has  been  written  respecting  the  Atlantis  of  Plato, 
and  has  oiven  thereia  i  diisertition  rich  in  erudition  and  of  the  moat 
1     ly     te     t  th  t  PI  1      notions  on  tJiia  subject  arose  from 

h  b  h  t         f  th    spherical  form  of  the  earth,  with 

tptt  fHm  Ipehps  with  traditions  which  were  cur- 

t       Egyit  {Et  d  U  Tme,  Kote  siii.  §  ix.).     He  does  not 

d     th  t  th    b  I  f       PI  t      Atlantis  had  any  share  in  tie  dis- 
n       fCoI  mhu, 
Itmyphi      urt         mdm  readers  who  have  a  difSeulty  in 
ttgdfthj        IS       tht  there  is  a  natural  direction  upwards 
d         tld      t       d       w     I    to  learn  that  both  Plato  and  Aris- 
t  tl         If  th     ph  I      [hers  also,  had  completely  overcome 

th  d  ffi  Ify  Th  J  w  q  t  ady  to  allow  and  U>  conceive  that 
down  meant  notbmg  but  towards  some  centre,  and  up,  the  opposite 
direction,  (Aristotle  has,  besides,  an  ingenious  notion  that  while  heavy 
bodies,  as  earth  and  water,  tend  to  the  centre,  and  light  bodies,  as  fire, 
tend  from  the  centre,  the  fifth  element,  of  which  the  heavenly  bodies 
are  composed,  tends  to  move  round  the  centre.) 

Plato  explains  this  in  the  most  decided  manner  in  the  Timteus  (62, 
c).  "It  is  quite  erroneous  to  suppose  that  there  are  two  opposite 
regions  in  tie  universe,  one  above  and  the  other  hdow ;  and  that 
heavy  things  naturally  tend  to  the  latter  place.  The  heavens  are 
spherical,  and  every  thing  tends  to  the  centre  ;  and  thus  above  and  be- 
low  have  no  real  meaning.     If  there  be  a  solid  globe  in  the  middle, 
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and  if  a  peraon  walk  round  it,  he  will  lieoome  tie  antipodes  to  hiui- 
self,  and  tte  direction  which  is  wp  at  one  time  will  he  down  at  an- 
other." 

The  action  of  antipodes,  the  inhabitants  of  the  part  of  tte  globe  of 
the  earth  opposite  to  ourselves,  was  very  familiar.  Thus  in  Cicero's 
Academic  Questions  (ii,  30)  one  of  the  speakers  says,  "Etiam  dicilas 
esse  e  regione  nobia,  e  contraria  parte  terrse,  qui  adverais  yeatigiis  stnnt 
contra  nostra  vestigia,  quos  Antipodas  Tocatis,"  See  also  Tusc,  Disp. 
i.  28  and  v.  24. 

The  Heliocentric  System  among  ike  Ancients. 


ABthem 

1 

ght  1  ftb 

t   had  overcome  the  natural 

prejudice   f  bel 

th  t  th 

b    lute  up  and  down,  so  had 

they  also 

m 

th        t      1  p   J  .1 

f  believing  that  the  earth  is 

at  rest.     C 

X 

7    {A    d   Q      t 

J9)    'Hicetas  of  Syracuse,  as 

Theophra^t 

til 

tl     3.   th  t  th 

h 

5,  the  suu,  the  moon,  the 

stars  do  n  t 

m 

d  th  t  n  th 

d 

move  but  the  earth.     The 

b 

r 

t  h       M        th 
d      d        fth 

velocity :  and  thus  the 

same  effe  t 

th 

w       at  rest  and  the  heavens 

moved ;  a  d  tb 

h       y    PI  t    t      h 

the  TimcEus,  though  some- 

what  obsc 

Of      ur      th 

t 

that  the  moon  and  planets 

do  not  mo 

m    nt    fth    d 

In 

t    n  only.     The  passage  re- 

n  the  Timisus  s.ems  to  be  this  (40,  c) — "As  to  the  Earth, 
which  ia  our  nurse,  and  which  ding's  to  the  okIs  ■which  stretches  through 
the  universe,  God  made  her  the  producer  and  preserver  of  day  and 
night."  The  word  sIXXoj^ev^v,  which  I  have  ti'anslated  clings  to,  some 
translate  revolves  ;  and  an  exteusivo  controversy  has  prevailed,  both  in 
andent  and  modern  times  (beginning  with  Aristotle),  whether  Plato 
did  or  did  not  believe  in  the  rotation  of  the  earth  on  her  axis.  (See 
M.  Cousin's  Note  on  the  TimceuSf  and  M.  Henri  Martin's  Dissertation, 
Nota  xxxvii.,  in  his  Etudes  sur  le  Timee.)  The  result  of  this  discus- 
sion seems  to  bo  that,  in  the  Timceus,  the  Earth  is  supposed  to  be  at 
rest.  It  is  however  related  by  Plutarch  {Platonic  Questions,  viii.  1), 
that  Plato  in  his  old  age  repented  of  having  given  to  the  Earth  the 
place  in  the  centre  of  the  universe  which  did  not  belong  to  it. 

In  describing  the  Prelude  to  the  Epoch  of  Copernicus  (Book  w 
Chap,  i.),  I  have  spoken  of  Philolaus,  one  of  the  followers  of  Pythag- 
oras, who  lived  at  the  time  of  Socrates,  as  having  held  the  doctrine 
that  the  earth  revolves  about  the  sun.     This  has  boon  a  current  opin- 
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ion ; — so  cnrrent,  iDdecd,  that  the  Abbe  BouiUaud,  or  BiiUialdus,  as 
we  more  eomtuonJy  call  him,  gave  the  title  of  Phihlam  to  the  defence 
of  Copernicus  which  he  published  in  1639  ;  and  Chiaramonti,  an  Aris- 
totelian, published  Iiis  answer  under  the  title  of  Antipkihlaus.  In 
1646  Buliialdua  published  his  Astronottda  Philolaica,,  which,  was  an- 
other exposition  of  the  heliocentric  doctrine. 

Yet  notwithstanding  this  general  belief,  it  appears  to  be  tolerably 
certain  that  Philolaus  did  not  hold  tho  doctrine  of  the  earth's  motion 
round  the  sun.  (M.  H.  Martin,  Mtudes  me  le  Timk,  1841,  Note 
xxivii.  Sect.  J. ;  and  Breckh,  De  vera  Indok  Aslronomice  Philolaicm, 
1810.)  In  the  system  of  Philolaus,  the  cai'th  revolred  about  the  certr 
traljire;  but  this  central  fire  was  not  the  sun.  The  Sun,  along  with 
the  moon  and  planets,  revolved  in  circles  external  to  the  earth.  The 
Earth  had  the  Aniichthon  or  C'ounte^-Sarth  between  it  and  the  cen- 
tre ;  and  revolving  round  this  centre  in  one  day,  tho  Antiohthon,  being 
always  between  it  and  the  centre,  was,  during  a  portion  of  the  revolu- 
tion, interposed  between  fbe  Earth  and  tho  Sun,  and  thus  mads  night ; 
while  the  Sun,  by  his  proper  motion,  produced  the  changes  of  the 
year. 

When  men  were  willing  to  suppose  the  eailh  to  be  in  motion,  in 
order  to  account  for  the  recurrence  of  day  and  night,  it  is  curious  that 
they  did  not  sec  that  the  revolution  of  a  spherical  earth  about  an  axis 
passing  through  its  centre  was  a  scheme  both  simple  and  quite  satis- 
factory. Yet  the  illumination  of  a  globular  earth  by  a  distant  sun,  and 
the  ciicumatances  and  phenomena  thence  resulting,  appear  to  have 
been  conceived  in  a  very  confused  manner  by  many  persons.  Thus 
Tacitus  {Agric.  xii.),  after  stating  that  he  has  heard  that  in  the  north- 
ern part  of  the  island  of  Britain,  the  night  disappears  in  the  height  of 
summer,  says,  as  his  account  of  this  phenomenon,  that  "the  extreme 
parts  of  the  earth  are  low  and  level,  and  do  not  throw  their  shadow 
upwards ;  so  that  the  shade  of  night  falls  below  the  shy  and  tho  stars." 
But,  as  a  little  consideration  will  show,  it  is  the  globular  form  of  tho 
earth,  and  not  the  level  character  of  the  country,  which  produces  this 
effect 

It  is  not  in  any  degree  probable  that  Pythagoras  taught  that  the 
Earth  revolves  round  the  Sun,  or  that  it  rotates  on  its  own  axis.  Ifor 
did  Plato  hold  either  of  these  motions  of  the  Earth.  They  got  so  far 
as  to  believe  in  the  Spherical  Form  of  the  Earth ;  and  this  was  appar- 
ently such  an  effort  that  the  human  mind  made  a  pause  before  going 
any  further.     "  It  required,"  says  M.  H.  Martin,  "  a  great  struggle  for 
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men  to  free  themselves  from  tlie  prejudices  of  the  senses,  and  to  inter- 
pret their  testimony  in  such  a  manner  as  to  conceive  the  sphericity  of 
the  earth.  It  is  natural  that  they  should  have  stopped  at  this  point, 
before  putting  the  earth  in  motion  in  space." 

Some  of  the  expressions  which  have  heen  understood  as  describing 
a  system  in  which  the  Sua  is  the  centre  of  motion,  do  really  imply 
merely  the  Sun  is  the  middle  term  of  the  series  of  heavenly  bodies 
which  revolve  round  the  earth  :  the  series  being  Moon,  Mercury,  Venus, 
Sun,  MaK,  Jupiter,  Satnm.  This  is  the  case,  for  instance,  in  a  passage 
of  Cicero's  Tidon  of  Scipio,  which  has  been  supposed  to  imply  (as  I 
have  stated  in  the  History),  that  Mercury  and  Venus  revolve  about 
the  Sun. 

But  though  the  doctrine  of  the  diurnal  rotation  and  annual  revolu- 
tion of  the  earth  is  not  the  doctrine  of  Pythagoras,  or  of  Philolaus,  or 
of  Plato,  it  was  nevertheless  held  by  some  of  the  philosophers  of  anti- 
quity. The  testimony  of  Archimedes  that  this  doctrine  was  held  by 
his  contemporary  Aristarchus  of  Samoa,  is  unquestionable  ;  and  there 
Is  no  reason  to  doubt  Plutarch's  assertion  that  Seleueus  further  en- 
forced it. 

It  is  curious  that  Copernicus  appears  not  to  have  known  any  thing 
of  the  opinions  of  Aristarchus  and  Seleueus,  which  were  really  antici- 
pations of  his  doctrine ;  and  to  have  derived  his  notion  from  passages 
which,  as  I  have  been  showing,  contain  no  such  doctrine.  He  says, 
in  his  Dedication  to  Pope  Paul  III,  "  I  found  in  Cicero  that  Nieetas 
[or  Hicetas]  held  that  the  earth  was  in  motion :  and  in  Plutarch  I 
found  that  some  others  had  been  of  that  opinion ;  and  his  words  I  will 
transcribe,  that  any  one  may  road  them:  'Philosophers  in  general 
hold  that  the  earth  is  at  rest.  But  Philolaus  the  Pythagorean  teaches 
that  it  moves  round  the  central  fire  in  an  oblique  circle,  in  the  same 
direction  as  the  Sun  and  the  Moon,  Heraclides  of  Pontus  and  Ec- 
phantus  the  Pythagorean  give  the  earth  a  motion,  but  not  a  motion 
of  translation ;  they  mate  it  revolve  like  a  wheel  about  its  own  centre 
from  west  to  east.'  "  This  last  opinion  was  a  correct  assertion  of  the 
diurnal  motion. 


The  Eclipse  of  Tkaks. 

"The  Eclipse  of  Thales"  is  so  remarkable  a  point  in  the  history  of 
astronomy,  and  has  been  the  subject  of  so  much  discussion  among  as- 
tronomers, that  it  ought  to  be  more  especially  noticed.     The  original 
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record  is  in  the  first  Book  of  Herodotus'a  History  (chap.  Ixxiv.)  He 
says  that  there  was  a  war  betweea  the  Lydians  and  the  Modes ;  and 
after  Tarious  turns  of  fortune,  "  in  the  sixth  year  a  conflict  toot  place ; 
and  on  the  battle  being  joined,  it  happened  that  the  day  suddenly  be- 
came night.  And  this  change,  Thales  of  Miletus  had  predicted  to 
them,  definitely  naming  this  year,  in  which  the  event  really  took  place. 
The  Lydians  and  the  Medes,  when  they  saw  day  turned  into  nighty 
ceased  from  fighting  ;  and  both  sides  were  desirous  of  peace,"  Prob- 
ably this  prediction  was  founded  upon  the  Chaldean  period  of  eighteen 
years,  of  which  I  have  spoken  in  Section  11.  It  is  probable,  as  I  have 
already  said,  that  this  period  was  discovered  hy  noticing  the  recurrence 
of  eclipses.  It  is  to  be  oteerved  that  Thales  predicted  only  the  year 
of  the  eclipse,  not  the  day  or  the  month.  In  fact,  the  exact  predic- 
tion of  the  circumstances  of  an  eclipse  of  the  sun  is  a  very  difficult 
problem ;  much  more  difficult,  it  may  be  remarked,  than  the  predic- 
tion of  the  circumstance  of  an  eclipse  of  the  moon. 

Now  that  the  Theory  of  the  Moon  is  brought  so  far  towards  com- 
pleteness, astronomers  are  able  to  calculate  backwards  the  eclipses  of 
the  sun  which  have  taken  place  in  former  times ;  and  the  c^uestion  haa 
been  much  discussed  in  what  year  this  Echpse  of  Thales  really  occur- 
red. The  Memoir  of  Mr.  Airy,  the  Astronomer  Royal,  on  this  subject, 
in  the  Phil.  Trans,  for  1863,  gives  an  account  of  the  modern,  exami- 
nations of  this  subject,  Mr.  Airy  starts  from  the  assumption  that  the 
eclipse  must  have  been  one  decidedly  total ;  the  difference  between 
such  a  one  and  an  eclipse  only  nearly  total  being  very  marked.  A 
total  eclipse  alone  was  likely  to  produce  so  strong  an  effect  on  the 
minds  of  the  combatants.  Mr,  Airy  concludes  from  his  calculations 
that  the  eclipse  predicted  by  Thalea  took  place  b.  c.  685. 

Ancient  eclipses  of  the  Moon  and  Su.n,  if  they  can  be  identified,  are 
of  great  value  for  modern  astronomy  f  'n  th  1  interval  of  be- 
tween two  and  th  th  and  y  ii  wh  h  pai  t  them  from  our 
time,  those  of  the  ter/  al  t  th  t  a  1  at  n  r  retardations  of 
the  Moon's  motion  wh  h  g  n  n  asmg  n  ta  tly,'  accumulate  to 
a  lai^  amount ;        th  t  th    a  t    1  tim     a  d  mstances  of  the 

eclipse  give  astrono  n      th   u  fd  t  rm      g  what  the  rate  of  these 

accelerations  or  retardations  has  been.  Accordingly  Mr.  Airy  has  dis- 
cussed, as  even  more  important  than  the  eclipse  of  Thales,  an  cdipsc 
which  Diodonis  relates  to  have  happened  during  an  expedition  of 

1  Or  at  least  for  very  long  periods. 
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Agathocles,  the  I'uloi'  of  Sioily,  and  "wMch  is  hence  known  as  the 
Eclipse  of  Agathocles.    He  determines  it  to  have  occurred  b.  c.  810. 

M,  H.  Martin,  in  Hote  xxxvii.  to  his  Htvdes  sitr  le  Tim6e,  disciissea 
among  other  astronomical  matters,  the  Eclipse  of  Thales,  He  does 
not  appear  to  render  a  very  cordial  belief  to  the  historical  fact  of 
Thales  haying  delivered  the  prediction  before  the  event.  He  says  that 
even  if  Thales  did  make  such  a  prediction  of  an  eclipse  of  the  sun,  as 
he  might  do,  by  means  of  the  Chaldean  period  of  18  years,  or  223 
lunations,  he  would  have  to  take  the  chance  of  its  heing  visible  in 
G-reece,  about  which  he  could  only  guess ; — that  no  author  asserts  that 
Thales,  or  his  successors  Anaximandcr  and  Anaxagoras,  ever  tried  their 
luck  in  the  same  way  again  .-—that  "  en  revanche"  we  are  told  that 
Aaaximander  predicted  an  earthquake,  and  Anaxagoras  the  fall  of 
aerolites,  which  are  plainly  fabulous  stories,  though  as  well  attested  as 
the  Eclipse  of  Thales.  He  adds  that  according  to  Aristotle,  Thales 
and  Anaximcnea  were  so  far  from  having  sound  notions  of  cosmog- 
raphy, that  they  did  not  even  believe  in  the  roundness  of  the  earth. 
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GENERAL   REMARKS. 

IN  the  twelfth  Book  of  the  I'hilosophy,  in  which  I  have  given  a  Re- 
view of  OpinioBs  on  the  Nature  of  Knowledge  and  the  method  of 
seeking  it,  I  have  given  some  account  of  several  of  the  most  impoitant 
persons  belonging  to  the  ages  now  tinder  consideration.  I  have  there 
(vol.  ii.  h.  xii.  p.  146)  spoken  of  the  manner  in  wHoh  remarks  made 
by  Aristotle  came  to  be  accepted  as  fundamental  maxims  in  the  schools 
of  the  middle  ages,  and  of  the  manner  in  which  they  were  discussed 
by  the  greatest  of  the  schoolmen,  as  Thomas  Aqninas,  Albertus  Magmis, 
and  the  lite.  I  liave  spoken  also  (p.  149)  of  a  certain  kind  of  recog- 
nition of  the  derivation  of  our  knowledge  from  experience  ;  as  shown 
in  Richard  of  St.  Victor,  in  the  twelfth  century.  I  have  considered 
(p.  152)  the  plea  of  the  admirers  of  those  ages,  that  religious  authority 
■waa  not  claimed  for  physical  science. 

I  have  noticed  that  the  rise  of  Experimental  Philosophy  exhibited 
two  features  (etap.  vii.  p.  165),  the  Insnrrection  against  Authority, 
and  the  Appeal  to  Experience;  and  as  esemphfying  these  features,  I 
have  spoken  of  Raymond  Lully  and  of  Roger  Bacon.  I  have  further 
noticed  the  opposition  to  the  prevailing  Aristotelian  dogmatism  mani- 
fested (chap.  YJii.)  by  Nicolas  of  Cus,  Marsilius  Eicinua,  Francis  Patri- 
eius,  Picus  of  Mirandula,  Cornelius  Agrippa,  Theophrastus  Paracelsus, 
Robert  Fludd.  I  have  gone  on  to  notice  the  Theoretical  Reformers  of 
Science  {chap,  ix.),  Bernardinus  Telesi us,  Thomas  Campanella,  Andreas 
Csesalpinus,  Peter  Ramus ;  and  the  Protestant  Reformers,  as  Melanc- 
thon.  After  these  come  the  Practical  Reformers  of  Science,  who  have 
their  place  in  the  subsequent  history  of  Inductive  Philosophy ;  Leo 
nardo  da  Vinci,  and  the  Heralds  of  the  dawning  light  of  real  science, 
whom  Francis  Bacon  welcomes,  as  Heralds  are  accosted  in  Homer ; 
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I  have,  in  tte  part  of  the  Philosophy  referred  to,  discussed  the 
merits  and  defects  of  Francis  Bacon's  Method,  and  I  shall  have  occa- 
sion, in  tte  next  Boot,  to  speak  of  his  mode  of  dealing  with  the  posi- 
tive science  of  his  time.  There  is  room  for  much  more  reflection  on 
these  subjects,  hut  the  references  now  made  may  suffice  at  present. 


CHAPTEE  V. 
Pkoorbss  in  the  Middle  A&bs. 

Thomas  Aquinas. 


AQUINAS  wrote  (besides  the  Summa  mentioned  in  the  text)  a  Com- 
mentary on  the  Physics  of  Aristotle :  Commmtaria  in  Anstotelis 
lAhros  PAywcorMJK,  Venice,  1492,  This  work  is  of  eonrae  of  no  scien- 
tific value ;  and  the  commentary  consists  of  empty  permutations  of  ab- 
stract terms,  similar  to  those  which  constitute  the  maiu  substance  of 
the  text  in  Aristotle's  physical  speculations.  There  is,  however,  an  at- 
tempt to  give  a  more  technical  form  to  the  propositions  and  their 
demonstrations.  As  specimens  of  these,  I  may  mention  that  in  Book 
vi.  c.  3,  we  have  a  demonstration  that  when  bodies  move,  the  time  and 
the  magnitude  (that  is,  the  space  describe<l),  are  divided  similarly ; 
with  many  like  propositions.  And  in  Book  viii,  we  tave  such  propo- 
sitions as  this  (c.  10) ;  "Demonstration  that  a  finite  mover  [movens) 
cannot  move  any  thing  in  an  infinite  time."  This  is  illustrated  by  a 
diagram  in  which  two  hands  are  represented  as  engaged  in  moving  a 
whole  sphere,  and  one  hand  in  moving  a  hemisphere. 

This  mode  of  representing  force,  in  diagrams  illustrative  of  mechan- 
ical reasonings,  by  Imman  hands  pushing,  pulling,  and  the  like,  is  still 
employed  in  elementary  books.  Probably  this  is  the  first  example  of 
such  a  mode  of  r( 


Teis  writer,  a  contemporary  of  Thomas  Aqui 
kind  of  knowledge,  speculation,  and  opinion,  so  different  from  that  of 
any  known  person  near  his  time,  that  he  deserves  especial  notice  here ; 
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aad  I  shall  transfer  to  this  place  the  account  which  I  have  given  of 
him  in  the  Philosophy.  I  do  tiis  tKe  more  willing-ly  because  I  regard 
the  existence  of  such  a  work  as  the  Opus  Majus  at  that  period  as  a 
problem  which  has  never  yet  been  solved.  Also  I  may  add,  that  the 
scheme  of  the  Contents  of  this  work  which  I  have  given,  deserves,  as 
I  conceive,  more  notice  than  it  has  yet  received. 

"Roger  Bacon  was  bom  in  1214,  near  Uchester,  in  Somersetshire, 
of  an  old  family.  In  bis  youth  he  was  a  student  at  Oxford,  and  made 
extraordinary  progress  in  all  branches  of  Jeaming.  He  then  went  to 
the  University  of  Paris,  as  was  at  that  6rae  the  custom  of  learned  Eng- 
lishmen, and  there  received  the  degree  of  Doctor  of  Theology.  At 
the  persuasion  of  Robert  Grostfite,  bishop  of  Lincoln,  he  entered  the 
brotherhood  of  Franciscans  in  Oxford,  and  gave  himself  up  to  study 
with  extraordinary  fervor.  He  was  termed  by  his  brother  monks  Doc- 
'  tor  Mirabilis.  We  know  from  his  own  works,  as  well  as  from  the 
traditions  concerning  him,  that  be  possessed  an  intimate  acquaintance 
with  all  the  science  of  his  time  which  could  be  acquired  from  books ; 
and  that  he  had  made  many  remarkable  advances  by  means  of  his  own 
experimental  labors.  He  was  acquainted  with  Arabic,  as  well  as  with 
the  other  languages  common  in  bis  time.  In  the  title  of  bia  works, 
we  find  the  whole  range  of  science  and  philosophy.  Mathematics  and 
Mechanics,  Optics,  Astronomy,  Geography,  Chronology,  Chemistry, 
M^c,  Music,  Medicine,  Grammar,  Logics,  Metaphysics,  Ethics,  and 
Theology;  and  judging  from  these  which  are  published,  these  works 
are  full  of  sound  and  exact  iiaowledge.  He  is,  with  good  reason,  sap- 
posed  fo  have  discovered,  or  to  have  had  some  knowledge  of,  several 
of  the  most  remarkable  inventions  which  were  made  generally  known 
soon  afterwards;  as  gunpowder,  lenses,  burning  specula,  telescopes, 
cloclffi,  the  correction  of  the  calendar,  and  the  explanation  of  the 
rainbow. 

"Thus  possessing,  in  the  acquirements  and  habits  of  his  own  mind, 
abundant  examples  of  the  nature  of  kuowledge  and  of  the  process  of 
invention,  Roger  Bacon  felt  also  a  deep  interest  in  the  growth  and 
progress  of  science,  a  spirit  of  inquiiy  respecting  the  causes  which  pro- 
duced or  prevented  its  advance,  and  a  fervent  hope  and  trust  in  its 
future  destinies;  and  these  feelings  impelled  him  to  speculate  worthily 
and  wisely  respecting  a  Reform  of  the  Method  of  Philosophizing.  The 
manuscripts  of  his  works  have  existed  for  nearly  six  hundred  years  in 
many  of  the  libraries  of  Em-ope,  and  especially  in  those  of  England; 
and  for  a  long  period  the  very  imperfect  portions  of  them  which  were 
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geooraily  kiiowu,  left  tlic  oliaracte!'  and  attain  liients  of  the  author 
sbroTided  in  a  kind  of  mysterious  obscurity.  About  a  century  ago, 
however,  his  Opus  Majug  was  published'  by  Dr.  S.  Jebh,  principally 
from  a  niauusutipt  in.  the  library  of  Trinity  College,  Dublin  ;  and  this 
contained  most  or  al!  of  the  separate  works  which  were  previously 
known  to  the  public,  along  with  others  still  more  peculiar  and  charac- 
teristic, Wc  ai'e  thus  able  to  judge  of  Roger  Bacon's  knowledge  and 
of  his  views,  and  they  are  in  every  way  weli  worthy  our  attention. 

"  The  Opus  Mojus  is  addressed  to  Pope  Clement  the  Fourth,  whom 
Bacon  had.  known  wheu  he  was  legate  in  England  m  Cardinal-bishop 
of  Sabina,  and  who  admired  the  talents  of  the  monk,  and  pitied  him 
for  the  persecutions  to  which  he  was  exposed.  On  his  elevation  to 
the  papal  chair,  this  account  of  Bacon's  labors  and  views  was  sent,  at 
the  earnest  request  of  the  pontiff.  Besides  the  Opus  Majus,  he  wrote 
two  othei's,  the  Opus  Minus  and  Opus  Terlium;  which  were  also 
sent  to  the  pope,  as  the  author  says,'  'on  account  of  the  danger  of 
roads,  and  the  possible  loss  of  the  work.'  These  works  still  esist  nn- 
pnblished,  in  the  Cottonian  and  other  libraries, 

"  The  Opus  Mojus  is  a  work  equally  wonderful  with  regard  to  its 
general  scheme,  and  to  the  special  treatises  with  which  the  outlines  of 
the  plan  are  filled  np.  The  professed  object  of  the  work  is  to  urge  the 
necessity  of  a  refonn  in  the  mode  of  philosophizing,  to  set  forth  the 
reasons  why  knowledge  had  not  made  a  greater  progress,  to  draw  back 
attention  to  the  sources  of  knowledge  which  had  been  unwisely  neg- 
lected, to  discover  other  sources  which  were  yet  almost  untouched,  and 
to  animate  men  in  the  undertaking,  by  a  prospect  of  the  vast  advan- 
tages which  it  offered.  In  the  development  of  this  plan,  all  the  lead- 
ing portions  of  science  are  expounded  in  the  most  complete  shape  which 
they  had  at  that  time  assumed  ;  and  improvements  of  a  very  wide  and 
striking  kind  are  proposed  in  som  f  h  p  n  p  !  of  these  depart- 
ments. Even  if  the  work  had  had  no  I  a  1  og  ]  u  [  use,  it  would  have 
been  highly  valuable  as  a  treasure  of  h  n  s  Id  knowledge  and 
soundest  speculations  of  the  time;  e  n  f  t  h  d  octained  no  such 
details,  it  would  have  been  a  work  m  m    kable  for  its  general 

views  and  scope.  It  may  be  consid  1  a.  a  h  me  time,  the  Si- 
cyclopedia  and  the  Novum  Orgawm  of  the  thirteenth  century. 

'  FiiUria  Hagsri  Samn  Ononis  HinorMiai  Opns  Majns  ad  ClenwiUm  QaaHimt, 
PonHfitvm  B<rmaniwm,  /x  MS.  Oodice  HiiUMmsi  ™m  aUis  ^Htfadam  a/Ualo  nuiK 
pi-iommsdidUS.  Jebb,  M.D,     Londiiii,  IT38. 

1  Opve  Majui,  Prfff. 
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"Since  this  work  la  thus  so  imjortint  in  tlic  histurj  it  Inductive 
Philosophy,  I  sliall  gLve,  m  a  Note  i  view'  cf  ita  divisions  and  con- 
tents. But  I  must  non  endeavor  to  jomt  out  more  especially  the  way 
in  which  flie  varioiis  piintiples,  whicli  the  reform  of  aeientihc  method 
involved,  are  here  brouglit  into  view, 

"  One  of  the  first  points  to  be  noticed  for  this  purpose,  is  the  resist- 
ance to  anthority ;  and  at  tfie  stage  of  philosophical  history  with  which 
we  here  have  to  do,  this  means  resistance  to  the  authority  of  Aristotle,  as 
adopted  and  interpreted  by  the  Doctors  of  the  Schools.  Bacon's  work' 
is  divided  into  Six  Parts;  and  of  these  Parts,  the  First  is,  Of  the  four 
universal  Causes  of  all  Human  Ignorance.  The  causes  thus  enumer- 
ated'are: — the  force  of  nnwortty  authority ;— traditionary  habit; — 
the  imperfection  of  the  undisciplined  senses; — and  the  disposition  to 
conceal  our  ignorance  and  to  make  an  ostentatious  show  of  our  knowl- 
edge. TlieBe  influences  involve  every  man,  occupy  every  condition. 
They  prevent  our  obtaining  the  most  useful  and  large  and  fair  doc- 
trines of  wisdom,  the  secrets  of  all  sciences  and  arts.  He  then  proceeds 
to  argue,  from  the  testimony  of  philosophers  themselves,  that  the  au- 
thority of  antiquity,  and  especially  of  Aristotle,  is  not  infallible.  '  We 
find'  their  books  full  of  doubts,  obscurities,  and  perplexities.     They 

s  CoBtBnlB  of  EogGT  Bacon's  Opus  Maj-as : 
Part  I,    On  tho  four  causes  of  human  ignorance ;— An tljoritj,  Cnstom,  Popular 

Opinion,  and  tiie  Pride  of  supposed  Knowledge. 
Part  II.    On  the  Bouroe  of  perfaet  wiadom  in  the  Saered  Scripture. 
PartllL   On  tlieUeefulneBa  of  Grammar. 
Part  IV.  On  the  Useflilnesa  of  MathematioB . 

(1.)  The  ITeoessity  of  Mathematics  in  Hnman  Things  {pubHslied  sepa^ 

ratoly  as  the  ^ecvla,  Miithemalim). 
(2.)  Tlie  Uecesaity  of  Mathomatioa  in  Divino  Things.— 1°,  This  study 
has  occnpied  holy  men :   3°.  Geography ;   8°.  Chronology ;   4°, 
Cyoles ;  the  Golden  Kvimber,  &o. :  50.  Kotoral  Phenomena,  as  the 
Bainbow:  fi°.  Arithmetic:  T°.  Mueie. 
(8.)  Tha  Necessity  of  Malhomatica  in  EoolesiaEtlcal  Things,    l".  The 

Certiflcation  of  Faith ;  a°.  The  Correction  of  the  Calendar. 
(i.)  The  Hecessity  of  MathemafJra  in  the  State.— l^.  Of  Oimates  :  3°. 
Hydrography :  B".  Geography ;  4°.  Astrology. 
Part  V.    On  Perspeclive  (published  separately  as  J'erspeolim). 
(1.)  The  organs  of  vision. 
(2.)  Yision  in  straight  lines. 
(B.)  Vision  reftected  and  refracted. 

(i.)  De  multiplioatione  apecierum  (on  the  propagation  of  the  impressions 
of  light,  heat,  &o.) 
Part  VI.    On  Experimentnl  Seienee. 

*  Op.  Mqj.  p.  1.  »  lb.  p.  2.  '  lb.  p.  10. 
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scarce  agree  with  each  other  in  one  empty  question  or  one  worthless 
sophism,  or  oho  operation  of  science,  as  one  man  agrees  with,  another 
in  the  practical  operations  of  medicine,  surgery,  and  the  like  aita  of 
seculai'  men.  Indeed,'  ho  adds,  '  not  only  the  philosophers,  hut  the 
saints  have  faJlen  into  eiroi's  which  they  have  afterwards  retracted,' 
and  this  he  instances  ja  Aiigustin,  Jerome,  and  others.  He  gives  an 
admirable  sketch  of  the  progress  of  philosophy  from,  the  Ionic  School 
to  Aristotle ;  of  whom  he  speaks  with  gi'eat  applause.  '  Yet,'  he  adds,' 
'  those  who  came  after  him  corrected  him  in  some  things,  and  added 
many  things  to  his  works,  and  siiall  go  on  adding  to  the  end  of  tlie 
world.'  .  Aristotle,  he  adds,  is  now  called  peculiarly'  the  Philosopher, 
'yet  there  was  a  time  when  his  philosophy  was  silent  and  unregarded, 
either  on  account  of  the  rarity  of  copies  of  his  worts,  or  their  diffi- 
cnlty,  or  ftom  envy ;  till  after  the  time  of  Mahomet,  when  Avieonna 
and  Averroes,  and  others,  recalled  this  philosophy  into  the  full  light 
of  eiposition.  And  although  the  Logic  and  some  other  works  were 
translated  by  Boethius  from  the  Greek,  yet  the  philosophy  of  Aristotle 
first  received  a  quick  increase  among  the  Latins  at  the  time  of  Michael 
_  Scot ;  who,  in  the  year  of  our  Lord  1230,  appeared,  brining  with  him 
portions  of  the  books  of  Aristotle  on  Natural  PhiJosopby  and  Mathe- 
matics. And  yet  a  small  part  only  of  the  works  of  this  author  is 
translated,  and  a  still  smaller  part  is  in  the  hands  of  common  students.' 
He  adds  further'  (in  the  Third  Part  of  the  Opus  Majus,  which  is  a 
Dissertation  on  Language),  that  the  ti'anslations  which  are  current  of 
these  writings,  are  very  bad  and  imperfect.  With  these  views,  he  is 
moved  to  express  himself  somewhat  impatiently'"  respecting  these 
works :  '  If  I  had,'  he  says, '  power  over  the  works  of  Aristotle,  I  would 
have  them  all  burnt ;  for  it  is  only  a  loss  of  time  to  study  in  them,  and 
a  course  of  error,  and  a  multiplication  of  ignorance  beyond  expression.' 
'  The  common  herd  of  students,'  he  says,  '  with  their  heads,  have  no 
principle  by  which  they  can  be  excited  to  any  worthy  employment; 
and  hence  they  mope  and  make  asses  of  themselves  over  their  bad 
translations,  and  lose  their  time,  and  trouble,  and  money.' 


«  op,  Ma^.  p.  id. 

See  Pre/,  to  Jebb's  edition.  Tiic  passsges  tliere  quoted,  however,  are  not  ok- 
a  from  the  Opus  ifij^MS,  but  (appocentl j)  from  the  Opu»  Mlnm  (MS.  Oott.  Tib. 
"  Sl  habeiem  patestalem  Btipra  libros  Aiistotelis,  ego  &oeieia  onmea  oi:e- 
,  quia  non  est  nisi  teniporia  amisaio  etndere  is  illis,  eC  eiinsa  erroria,  et  multi- 
t)o  i^oraotjffi  ultra  M  qaod  valeat  explloari.  .  .  .  Vnlgus  studentnni  ouni 
jbns  Buis  nou  habat  imde  osoitetur  ad  aliquid  dignum,  et  idoo  lojiguet  et  asl- 
!  circa  male  tranalata,  et.teminif  et  studiiim  amitljt  in  omnibus  et  expenaas." 
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"  The  remedies  wliioli  he  recommends  for  these  evils,  are,  in  tlie 
first  place,  fie  study  of  that  only  perfect  wisdom  which  is  to  be  found 
in  the  Sacred  Scripture ;"  in  the  next  place,  the  study  of  mathematics 
and  the  use  of  eKperimeut"  By  the  aid  of  these  methods.  Bacon  an- 
ticipates the  most  splendid  progress  for  human  tnowledge.  Ho  takes 
up  the  strain  of  hope  and  confidence  which  we  have  noticed  as  so  pe- 
culiar in  the  Roman  writers ;  aud  quotes  some  of  the  passages  of  Seneca 
which  we  adduced  iu  illustration  of  this : — that  the  attempts  in  science 
were  at  first  rude  and  imperfect,  and  were  afterwards  improved ;— that 
the  day  will  come,  when  what  is  still  unknown  shall  be  brought  to 
light  by  the  progress  of  time  and  the  labors  of  a  longer  period ; — that 
one  age  does  not  suffice  for  inquiries  so  wide  and  various; — that  the 
people  of  future  times  shall  know  many  things  nntnowu  to  us ; — and 
that  the  time  shall  arrive  when  posterity  will  wonder  that  we  over- 
looked what  was  so  obvious.  Bacon  himself  adds  anticipations  more 
peculiarly  in  the  spirit  of  his  own  time.  '  We  have  seen,'  he  says,  at 
the  end  of  the  wort, '  Low  Aristotle,  by  the  ways  which  wisdom  teaches, 
could  give  to  Alexander  the  empire  of  the  world.  And  this  the  Chuj'ch 
ought  to  take  into  consideration  against  the  infidels  and  rebels,  that 
there  may  be  a  sparing  of  Christian  blood,  and  especially  on  account 
of  the  troubles  that  shall  come  to  pass  in  the  days  of  Antichrist ;  which 
hy  the  grace  of  God  it  wonld  be  easy  to  obviate,  if  prelates  and  princes 
would  encourage  study,  and  join  in  searching  out  the  secrets  of  nature 
and  art.' 

"It  may  not  be  improper  to  observe  here  that  this  belief  in  the  ap- 
pointed progress  of  knowledge,  is  not  combined  with  any  overweening 
belief  in  the  unbounded  and  independent  power  of  the  human  intellect. 
On  the  contrary,  one  of  the  lessons  which  Bacon  draws  from  the  state 
and  prospects  of  knowledge,  is  the  duty  of  faith  and  humility.  '  To 
him,'  he  says,'' '  who  denies  the  truth  of  the  faith  because  he  is  unable  to 
understand  if,  I  will  propose  iu  reply  the  course  of  nature,  and  as  we 
have  seen  it  in  examples.'  And  after  giving  some  instances,  he  adds, 
'These,  and  tlie  like,  ought  to  move  men  and  to  excite  them  to  the 
reception  of  divine  truths.  For  if,  in  the  vilest  objects  of  creation, 
truths  are  found,  before  which  the  inward  pride  of  man  must  bow,  and 
believe  though  it  cannot  understand,  how  much  more  should  man 
humble  his  mind  before  the  glorious  truths  of  God !'  He  had  befoi'e 
said :"  'Man  is  incapable  of  perfect  wisdom  in  tMs  life ;  it  is  hard  for 

■1  Part  ii.  ■=  Parts  iv.  v.  iinil  vi.        -    "  Op.  Maj.  p.  4T6.  "  lb.  p.  16. 
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him  to  ascend  towards  perfection,  easy  to  glide  downwards  to  false- 
hoods and  vanities ;  let  him  then  not  boast  of  his  wisdoro,  or  estoi  his 
knowledge.  What  he  knows  is  little  and  worthless,  ia  respect  of  that 
whioli  he  believes  without  knowing;  and  still  less,  in  respect  of  that 
which  he  is  ignorant  of.  He  is  mad  who  thinks  highly  of  his  wisdom ; 
he  most  mad,  who  exhibits  it  as  something  to  be  wondered  at.'  He 
adds,  as  another  reason  for  humilitj-,  that  he  has  proved  by  trial,  he 
conld  teach  in  one  year,  to  a  poor  boy,  the  marrow  of  ali  that  the  most 
diligent  person  conld  acquire  in  forty  years'  laborious  and  expensive 
atndy. 

"  To  proceed  somewhat  more  in  detail  with  regard  to  Eoger  Bacon's 
views  of  a  Reform  in  Scientific  Inquiry,  we  may  observe  that  by  making 
Mathematics  and  Experiment  the  two  great  points  of  his  recommenda- 
tion, he  directed  his  improvement  to  the  two  essential  parts  of  all 
knowledge,  Idef^  and  Facts,  and  thus  took  the  course  which  the  most 
enlightened  philosophy  would  have  suggested.  He  did  not  urge  the 
prosecution  of  experjinect,  to  the  comparative  neglect  of  the  existing 
matkematica!  sciences  and  conceptions ;  a  fault  which  there  is  some 
ground  for  ascribing  to  his  great  namesake  and  successor,  Francis 
Bacon  :  still  less  did  he  content  himself  with  a  mere  protest  against 
the  authority  of  the  schools,      d  d  m     J  f  r  change,  which 

was  almost  all  that  was  don    by  th  h    p  t  th       elves  forward  as 

I  the  intermed    t     t  E.  g      B  holds  his  way 

jf  between  the  two  |  1        f  h  k    wl  dge ;  which,  as  we 

have  seen,  it  ia  far  from  easy  t     1         Th  t      modes  of  know- 

ing,' says  he;"  'byargum    t        1  by      p  t     Argument  con- 

cludes a  question ;  but  it  do  t  m  k  f   1      rtain,  or  acquiesce 

in  the  contemplation  of  truth  pt  tl     tn  th  b      1  o  found  to  he  so 

by  experience.'  It  is  not  y  t  p  cs  m  1  dedly  the  clearly 
seen  union  of  exact  concept  w  th  t  f  ta  hich,  as  we  have 
explained,  constitutes  real  k    wl  dg 

"One  large  division  of  th    Op     Mj  O     the  Usefulness  of 

Mathematics,'  which  is  sho       b  p  m    ation  of  existing 

branches  of  knowledge,  as  Oh        1  £>  phy  the  Calendar,  and 

(in  a  separate  Part)  Optics.    Ih  h  pt  which  it  is  pio\ed 

"  Op.  Mc0.  p.  416 ;  esa  ^so  p.  4^,  "  SciEmtiie  Blue  scinnt  Eua  priDcipia  inveaire 
per  experiments,  sed  oouolasiones  per  wgiin 

tuuo  oportet  qiioil  liabeant  per  adjutotjiim  ii 
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by  reason,  that  all  science  requires  inatliematics  And  the  aigunients 
which  are  used  to  establish  this  doctrine,  show  a  most  just  apprecia- 
tion of  the  office  of  matJieniatics  in  science.  They  are  such  as  fel^ 
lows: — That  other  sciences  use  examples  taken  from  mathematics  as 
the  most  evident : — That  mathematical  knowledge  is,  as  it  were,  innate 
to  us,  on  which  point  ho  refers  to  the  well-known  dialogue  of  Plato, 
as  quoted  by  Cicero ; — ^That  this  science,  being  the  easiest,  offers  the 
best  introduction  to  the  more  difficult; — That  in  mathematics,  things 
as  known  %o  lis  are  identical  with  things  as  known  to  nature  : — That 
we  can  here  entirely  avoid  doubt  and  error,  and  obtain  certainty 
and  truth: — That  mathemaUcs  is  prior  to  other  sciences  in  nature, 
becauae  it  takes  cognizance  of  quantity,  which  is  apprehended  by  in- 
tuition (intuitu  intelleetus).  '  Moreover,' he  adds,"  '  ihere  have  been 
fonnd  famous  men,  as  Robert,  bishop  of  Lincoln,  and  Brother  Adam 
Marshman  (de  Marisco),  and  many  others,  who  by  the  power  of  math- 
ematics have  been  able  to  explain  the  causes  of  things;  as  may  be 
seen  in  the  writings  of  these  men,  for  instance,  concerning  the  Rainbow 
and  Comets,  and  the  generation  of  heat,  and  climates,  and  the  celestial 
bodies.' 

"But  undoubtedly  the  most  remai'kahle  portion  of  the  Opus  Majus 
is  the  Sixth  and  last  Part,  which  is  entitled  'De  Scientii  esperimentali ' 
It  is  indeed  an  extiaordinary  cucnmstanco  to  find  a  wnter  of  the  thir 
teenth  century,  not  only  recognizing  experiment  as  one  source  of 
knowledge,  but  urging  its  claims  as  somethmg  far  moie  important 
than  men  had  yet  been  aware  of,  exemphfymg  its  value  by  striking 
and  just  examples,  and  'ipeaking  of  its  anthonty  l^  ith  a  dignity  of  die 
tion  which  sounds  like  a  foremurmur  of  the  Baconian  sentences  ntterpd 
nearly  four  hundred  years  later.  Yet  this  is  the  character  of  what  wi, 
here  find.'*  'Experimental  science,  the  sole  mistress  of  spei,nlative 
sciences,  has  three  great  Prerogatives  among  other  parts  of  knowledge 
First  she  tests  by  experiment  the  noblest  conclusions  ot  all  othe; 
sciences:  Next  she  discovers  respecting  the  notions  which  ofht,r 
sciences  deal  with,  magnificent  truths  to  which  these  sciences  ot  them- 
selves can  by  no  means  attain :  her  Third  dignity  is,  that  she  by  her 
own  power  and  without  respect  of  other  sciences,  investigates  the  secrets 
of  nature.' 


"  Op.  Mnj.  p.  64. 

13  "Veiitates  magnificiu 

■ssunt  ilia  BoiautiiB,  li^o 
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"  Tlie  examples  whioli  Bacon  gives  of  these  '  Prerogatives'  are  very 
curious,  exhibiting,  among  some  error  and  credulity,  sound  and  clear 
views.  His  leading  exanaple  of  the  First  Prerogative  is  the  R^nbow, 
of  which  the  cause,  as  given  by  Aristotle,  is  tested  by  reference  to  ex- 
periment with  a  still  which  is,  even  to  us  now,  truly  admirable.  The 
.examples  of  tlie  Second  Prerogative  are  three  : — first,  the  art  of  mat- 
ing an  artificial  sphere  which  shall  move  with  the  heavens  by  natural 
iufluences,  which  Bacon  trusts  may  be  done,  though  astronomy  herself 
cannot  do  it — 'et  tunc,'  he  says,  'thesaurum  unius  regis  valoret  hoc 
instmmentum  -^—secondly,  the  art  of  prolonging  life,  which  experiment 
may  teach,  though  medicine  has  no  moans  of  securing  it  except  by 
regimen ;" — thirdly,  the  art  of  making  gold  finer  than  fine  gold,  which 
goes  beyond  the  power  of  alchemy.  The  Third  Prerogative  of  experi- 
mental science,  arts  independent  of  the  received  sciences,  is  exempli- 
fied in  many  cuiioua  examples,  many  of  them  whimsical  ti'adiliona. 
Thus  it  is  said  that  the  character  of  a  people  may  be  altered  by  alter- 
ing the  air."  Alexander,  it  seems,  applied  to  Aristotle  to  know  whether 
he  should  exterminate  certain  nations  which  he  had  discovered,  as  be- 
ing irreclaimably  barbarous ;  to  which  the  philosopher  replied,  '  If  you 
can  alter  their  air,  permit  them  to  live ;  if  not,  put  them  to  death,'  In 
this  part,  we  find  the  suggestion  that  the  fire-worka  made  by  children, 
of  saltpetre,might  lead  to  the  invention  of  a  formidable  military  weapon. 

"It  could  not  be  expected  that  Roger  Bacon,  at  a  time  when  ex- 
perimental science  hardly  existed,  could  give  any  precepts  for  the  dis- 
covery of  truth  by  experiment.  But  nothing  can  be  a  better  example 
of  the  method  of  such  investigation,  than  his  inquiry  concerning  the 
cause  of  the  Rainbow,  Neither  Aristotle,  nor  Avicenaa,  nor  Seneca, 
he  says,  have  given  us  any  clear  knowledge  of  this  matter,  but  experi- 
mental science  can  do  so.  Let  the  experimenter  (experimentator)  con- 
sider the  cases  in  which  he  finds  the  same  colors,  as  the  hexagonal 
crystals  from  Ireland  and  India ;  hy  looking  into  these  he  will  see  col- 
ors like  those  of  the  rainbow.     Many  think  that  this  arises  from  some 

"  One  of  the  ingredients  of  a  preparation  here  meoCioiied,  is  the  flesh  of  a  drug- 
uii,  wtiich,  it  appears,  is  used  .is  ibod  h;  the  Ethiopians.  The  mode  cf  preparing 
this  food  eannot  fiul  \a  amnse  the  reader.  "  Where  there  are  good  fljing  dragons, 
by  the  art  which  they  possess,  they  draw  them  out  of  their  dena,  and  hase  bridles 
and  saddles  in  readiness,  and  they  ride  upon  them,  and  make  them  bound  about 
in  the  air  iu  a  violent  manner,  that  the  hardness  and  toughness  of  the  flesh  may 
be  redueed,  as  boars  are  hunted  and  bulls  are  bmted  before  tbeyare  killed  fer  eat- 
ing." — Op.Ma^.  p.  470. 

--"  Op.  Miij.  p.  473. 
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special  virtue  of  these  stones  and  tieir  hexagonal  figure  ;  let  therefore 
the  experimenter  go  on,  and  he  will  find  the  same  in  other  transparent 
stones,  itt  dark  ones  as  well  as  in  light-colored.  He  will  find  the  same 
efiect  also  in  other  forms  than  the  hexagon,  if  they  be  farrowed  in  the 
surface,  as  the  Irish  crystals  are.  Let  him  consider  too,  that  he  sees 
the  same  colors  iu  the  drops  which  are  dashed  from  oars  in  the  sun- 
shine;— and  ia  the  spray  thrown  by  a  mill-wheel; — and  in  the  dew- 
drops  which  lie  on  the  grass  in  a  meadow  on  a  summer  morning ; — 
and  if  a  man  takes  water  in  his  month  and  projects  it  on  one  side  into 
a  sunbeam ; — and  if  in  an  oil  lamp  hanging  in  the  air,  the  rays  fall  in 
certain  positions  upon  the  surface  of  the  oil ; — and  in  many  other  ways, 
are  colors  produced.  We  have  here  a  collection  of  instances,  which 
are  almost  all  examples  of  the  same  kind  as  the  phenomena  under  con- 
sideration ;  and  by  the  help  of  a  principle  collected  by  induction  from 
these  facts,  the  colors  of  the  rainbow  were  afterwards  really  explained. 
"  With  regard  to  the  form  and  other  circumstaneea  of  the  bow  he  is 
still  more  precise.  He  bids  us  measure  the  height  of  the  bow  and  of 
the  sun,  to  show  that  the  centre  of  the  bow  is  exactly  opposite  to  the 
sun.  He  explains  the  circular  form  of  the  bow,— its  being  independ- 
ent of  the  form  of  the  cloud,  its  moving  when  we  move,  its  flying  when 
we  follow, — by  its  consisting  of  the  refleetiona  ftom  a  vast  number  of 
minute  drops.  He  does  not,  indeed,  trace  the  course  of  the  rays 
through  the  drop,  or  account  for  the  precise  magnitude  which,  the  bow 
assumes ;  but  he  approaches  to  the  verge  of  this  part  of  the  explana- 
tion ;  and  must  be  considered  as  having  given  a  most  happy  example 
of  experimental  inquiry  into  nature,  at  a  time  when  such  examples  were 
'y  scanty.     In  this  respect,  he  was  more  fortunate  than  Fran- 


"  We  know  but  little  of  the  biography  of  Eoger  Bacon,  but  we  have 
every  reason  to  believe  that  his  influence  upon  his  age  was  not  great. 
He  was  suspected  of  magic,  and  is  said  to  have  been  put  into  close  con- 
finement in  consequence  of  this  charge.  In  his  work  he  speaks  of  As- 
trology, as  a  science  well  worth  cultivating.  'But,'  says  he,  'Theo- 
logians and  Doctetista,  not  being  learned  in  such  matters,  and  seeing 
that  evil  as  well  as  good  may  he  done,  neglect  and  abhor  such  things, 
and  reckon  them  among  Magic  Arts.'  We  have  already  seen,  that  at 
the  very  time  when  Bacon  was  thus  raising  his  voice  against  the  habit 
of  blindly  following  authority,  and  seeking  for  all  science  in  Aristotle, 
Thomas  Aquinas  was  employed  in  fashioning  Aristotle's  tenets  into 
that  fixed  form  in  which  they  became  the  great  impediment  to  the 
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progress  of  kiiowlodga.  It  would  seem,  indeed,  that  somethiDg  of  a 
straggle  "between  the  progressive  and  stationary  powers  of  the  human 
mind  was  going  on  at  this  time.  Bacon  himself  says,*'  'Ifever  was 
there  so  great  an  appearance  of  wisdom,  nor  so  much  exercise  of  study 
in  so  many  Faculties,  in  so  many  regions,  as  for  this  last  forty  years. 
Doctors  are  dispersed  everywhere,  in  every  castle,  in  every  btirgh,  and 
especially  by  the  students  of  two  Orders  (he  means  the  Franciscans 
and  Dominicans,  who  were  almost  the  only  religious  orders  that  dis- 
tinguished themselves  by  an  application  to  study),"  which  has  not  hap- 
pened except  for  about  forty  years.  And  yet  there  was  never  so  much 
ignorance,  so  much  error,'  And  in  the  part  of  his  work  which  refers 
to  Mathematics,  he  says  of  that  study,''  that  it  is  tlie  door  and  the  key 
of  the  Bcieoees ;  and  that  the  neglect  of  it  for  thirty  or  forty  years  has 
entirely  ruined  the  studies  of  the  Latins,  According  to  these  stafe- 
menta,  some  change,  disastrous  to  the  fortunes  of  science,  must  have 
taken  place  about  1230,  soon  after  the  foundation  of  the  Dominican 
and  Franciscan  Orders.'*  Nor  can  we  doubt  that  the  adoption  of  the 
Aristotelian  philosophy  by  these  two  Orders,  in  the  form  in  which  the 
Angelical  Doctor  had  systematized  it,  was  one  of  the  events  which 
most  tended  to  defer,  for  three  centuries,  the  reform  which  Koger 
Bacon  urged  as  a  matter  of  crying  necessity  in  his  own  time." 

It  is  worthy  of  remark  that  in  the  Opus  Majus  of  Roger  Bacon,  as 
afterwards  in  the  ^omim  Organon  of  Francis  Bacon,  we  have  certain 
features  of  experimental  research  pointed  out  conspicuously  as  Prmro- 
gativce:  although  in  the  former,  this  term  is  employed  to  designate 
the  superiority  of  experimental  science  in  general  to  the  science  of  tie 
schools;  in  the  latter  work,  the  term  is  applied  to  certain  classes  of 
experiments  as  superior  to  others. 
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I^icolas  of  Ous. 


I  WILL  quote  the  passage,  in  tho  writings  of  this  authoi',  whicli 
bears  upon  tlie  subject  in  question.  I  translate  it  from  the  edition 
of  his  book  J)e  Docia  Ignm-antia,  from  his  works  published  at  Basil 
in  1565,  He  praises  Learned  Ignorance — that  is,  Acknowledged  Ig- 
norance— as  the  source  of  knowledge  Hi-i  ground  for  asserting  the 
rat  t  th         th       th  t  th  h  th  p    f    t  rest,  or 

an         t        t  P^*        '  P'^''       imtyt  motion. 

Nq  Iuadl:lt,qta  djt,  reque 

qm  tmj  tltejiltpis        t  tur,  aut 

ul  ni      n     m  1  m  ■eq  al  m  d        b  t,    t  am         b     h       ion  ap- 
partEtb        qqft,  fss         dt       (Lib.  i. 

p        p  39 )     H      dds     Th   A         t   d  d      t    tt       t    th    knowl- 
dh  thy  wtig        L-ndl        an        twitis 

m  mi  t  to  th  t  th  E  th  t  ly  m  t  Ith  gh  th  do  not 
ppt  d       tpphdmti  ptl"y     mparison 

wthmthhlFfy  botth    middle  of 

a  river,  jguurant  that  the  waturnas  fiowm^,  and  not  aeem^  the  banks, 
how  coald  he  apprehend  tliat  the  boat  was  moving?  And  thus  since 
every  one,  whether  he  be  in  the  Earth,  or  in  the  Sun,  or  in  any  other 
star,  thinks  that  he  is  in  an  immovable  centre,  and  that  every  thing 
else  is  moving ;  he  would  assign  different  poles  for  himself,  others  as 
being  in  the  Sun,  others  in  the  Earth,  and  others  in  the  Moon,  and  so 
of  the  rest.  "Whence  the  machine  of  the  world  is  as  if  it  had  its  cen- 
tre everywhere  and  its  circumference  nowhere."     This  train  of  thought 
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might  be  a  preparation  for  the  reception  of  the  CopernieaQ  system; 
but  it  is  very  different  from  the  doctrine  that  tho  Sun  is  the  centre  of 
the  Planetary  Motions, 


CHAPTER  n. 


T!ie  Maoris  Rotation, 


I  HAVE  said,  in  page  26i,  that  a  confusion  of  mind  produced  by 
the  double  reference  of  motion  to  absoluto  space,  and  to  a  centre  of 
revolution,  often  leads  persons  to  dispute  whether  the  Moon,  while  she 
revolves  about  the  Earth,  always  turning  to  it  the  same  face,  revolves 
about  her  axis  or  not. 

This  dispute  has  been  revived  very  lately,  and  has  been  conducted 
in  a  manner  which  shows  that  popular  readers  and  writers  have  made 
little  progress  in  the  clearness  of  their  notions  during  tho  last  two  or 
three  centuries ;  and  that  they  have  accepted  the  Newtonian  doctrines 
in  words  with  a  very  dim  apprehension  of  their  real  import. 

If  the  Moon  were  carried  round  the  Earth  by  a  ri^d  arm  revolving 
about  the  Earth  as  a  centre,  being  rigidly  fastened  to  this  arm,  as  a 
mimic  Moon  might  be,  in  a  machine  constructed  to  represent  her  mo- 
tions, this  contrivance,  while  it  made  her  revolve  round  the  Earth, 
would  make  her  also  turn  the  same  face  to  the  Earth ;  and  if  we  were 
to  make  such  a  machine  the  standard  example  of  rotation,  the  Moon 
might  be  said  not  to  rotate  on  her  axis. 

But  we  are  speedily  led  to  endless  confusion  by  taking  this  case  as 
the  standard  of  rotation.  For  the  selection  of  the  centre  of  rotation  in 
a  system  which  includes  several  bodies  is  arbiti'ary.  The  Moon  turns 
all  her  faces  successively  to  the  Sun,  and  therefore  with  regard  to  the 
Sun,  she  does  rotate  on  her  axis  ;  and  yet  she  revolves  round  the  Sun 
as  truly  as  she  revolveS  round  the  Earth,  And  the  only  really  simple 
and  consistent  mode  of  speaking  of  rotation,  is  to  refer  the  motion  not 
to  any  relative  centre,  but  to  absolute  space. 

This  is  the  argument  merely  on  fie  ground  of  simplicity  and  con- 
sistency. But  we  find  physical  reasons,  as  well  as  mathematical,  for 
referring  the  motion  to  absolute  space.  If  a  cup  of  water  be  carried 
round  a  centre  so  as  to  desoiibe  a  circle,  a  straw  floating  on  the  surface 
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of  the  water,  if  it  point  to  the  centre  of  the  circle  at  first,  does  not  con- 
tinue to  do  so,  but  remains  parallel  to  itself  during  the  whole  revo- 
lution. Now  there  is  no  cause  to  make  the  water  (and  therefore  the 
straw)  rotate  on  its  axis;  and  therefore  it  is  not  a  clear  or  convenient 
way  of  speaking,  to  say  that  the  water  in  this  case  does  revolve  on  its 
axis.  But  if  the  water  in  this  case  do  not  revolve  on  its  axis,  a  body 
in  the  case  of  the  Moon  does  revolve  on  its  axis. 

The  difficulty,  as  I  have  said  in  the  text,  is  of  the  same  nature  as 
ttat  which  the  Cop    ni  t  f    t  f      d  '    th    p     11  1  m  f      of  the 

Eartii's  axis.     In  ord     t    m  k    th  f  th   Earth        tat       remain 

parallel  to  itself  whil    th    E    th         1        b    t  th    S  mechan- 

ical representation      m    m    h       y  11  ii  t       (the  raa- 

ohinery  which  prod  th  It  I  th     ce  t     {th    Sun) : 

but  the  simplest  way    f     g    d    g  th     j     all  1       t  t       nceive 

that  the  axis  has  n    m  t  jt  th  t  wh   h      rres    t        nd  the 

central  Sun.     And    t  h      tl  t  M    1       ca  was 

established,  that  nofceis  ddnnt  t^d  th  paral- 
lelism of  the  Earth's  axis.  It  was  therefore  the  only  scientific  course, 
to  conceive  tiis  parallelism  as  not  being  a  rotation :  and  in  like  manner 
we  are  to  conceive  the  parallelism  of  a  revolving  body  as  not  being  a 
rotation. 

M.  FoucauU's  Proofs  of  Ike  Earth's  Motion. 

It  was  hardly  to  be  expected  that  we  should  discover,  in  our  own 
day,  a  new  physical  proof  of  the  earth's  motion,  yet  so  it  has  been. 
The  experiments  of  M.  Foucanlt  have  enabled  us  to  see  the  Rotation 
of  the  Earth  on  its  axis,  as  taking  place,  we  may  say,  before  our  eyes. 
These  experiiuenta  are,  in  fact,  a  result  of  what  has  been  said  in  speak- 
ing of  the  Moon's  rotation ;  namely,  That  the  mechanical  causes  of 
motion  operate  with  reference  to  absolute,  not  relative,  space ;  so  that 
where  there  is  no  cause  operating  to  change  a  motion,  it  will  retain  ifs 
direction  in  absolute  space ;  and  may  on  that  account  seem  to  change, 
if  regarded  relatively  in  a  limited  space. 

In  M  Fouciuit's  first  experiment,  the  motion  employed  was  that  of 
,1  pendulum  It  i  pendulum  oscillate  quite  freely,  there  is  no  cause 
aetme  to  change  the  vertical  pUne  of  oscillation  absolutely ;  for  the 
forces  which  produce  the  oscillation  are  in  the  vertical  plane.  But  if 
the  vertical  plane  remain  the  same  absolutely,  at  a  spot  on  the  surface 
of  the  revolving  E^rth,  it  will  ehinge  relatively  to  the  spectator.  He 
oill  >ef   the  ppndulmii  oscillate  in  a  vertical  plane  which  gradually 
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turns  away  fi'om  its  first  position,  Now  this  is  what  really  happeus; 
and  thus  the  revolution  of  the  Earth  in  absolute  space  is  experimentally 
proved. 

In  subsequent  experiments,  M.  Foucault  has  used  the  rotation  of  a 
body  to  prove  the  same  thing.  For  when  a  body  rotates  freely,  acted 
upon  by  no  power,  there  ia  nothing  to  change  the  position  of  the  axis 
of  rotation  in  absolute  space.  But  if  the  position  of  fhe  fixis  remain 
tlie  same  in  absolute  space,  it  will,  in  virtue  of  its  relative  motion, 
change  as  seen  by  a  spectator  at  auy  spot  on  the  rotating  Earth,  By 
taking  a  heavy  disk  or  globe  and  making  it  rotate  on  its  axis  rapidly, 
the  force  of  absolute  permanence  (as  compared  with  the  inevitable 
casual  disturbances  arising  fix)m  the  machinery  which  supports  the 
revolving  disk)  becomes  considerable ;  and  hence  the  relative  motion 
can,  in  this  way  also,  be  made  visible, 

Mr,  De  Morgan  has  said  {Gomp.  to  Brit.  Aim,  1836,  p.  18)  that 
astronomy  does  not  supply  any  argument  for  the  earth's  motion  which 
is  absolutely  and  demonstrably  conclusive,  till  we  come  to  the  Aberra- 
tion of  Light,  But  we  may  now  venture  to  say  that  the  experiments 
of  M.  Foncault  prove  the  diurnal  motion  of  the  Earth  in  the  most 
conclusive  manner,  by  palpable  and  broad  effects,  if  we  accept  the 
doctrines  of  the  science  of  Mechanics :  while  Aberration  proves  the 
annual  motion,  if  we  suppose  that  we  can  observe  the  places  of  the 
fixed  stare  to  the  accuracy  of  a  few  seconds ;  and  if  we  accept,  in  addi- 
tion to  the  doctrines  of  Mechanics,  the  doctrine  of  the  motion  of  light 
with  a  certain  great  velocity. 


CHAPTER  ni. 

EQITBL    TO     COPBEK 

Eiiylish  C'ojienikan. 


PROEESSOR  DE  MORGAN  has  made  numei'ous  and  ii „ 
contributions  to  the  history  of  the  progress  and  reception  of  the 
Coperhican  System.  These  are  given  mainly  in  the  Companion  to 
the  British  Almanac;  especially  in  his  papers  entitled  "Old  Argu- 
ments against  the  Motion  of  the  Earth"  (1836) ;  "  English  Mathemat- 
ical and  Astronomical  Writers"  (1837);  "On  the  Difficulty  of  Correct 
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Description  of  Books"  (1853)  ;  "  The  Progress  of  the  Doctrine  of  the 
Earth's  Motion  between  the  Times. of  Copernicus  and  Galileo"  (1855), 
In  these  papers  he  insists  very  rightly  upon  tlie  distinction  between 
the  malkematical  and  the  physical  aspect  of  the  doctrines  of  Coperai- 
ous  :  a  distinction  corresponding  very  nearly  with  the  distinction  which 
we  have  drawn  between  Formal  and  Physical  Astronomy ;  and  in  ac- 
cordance with  which  we  have  given  the  history  of  the  Heliocentric 
Doctrine  as  a  Formal  Theory  in  Book  v.,  and  bs  a  Physical  Theory  in 
Book  vii. 

Another  interesting  pait  of  Mr.  De  Mot^u's  researches  are  the  no- 
tices which  he  has  given  of  the  early  assertors  of  the  heliocentric 
doctrine  in  England.  These  make  their  appearance  as  soon  as  it  was 
well  pos^ble  they  should  exist.  The  work  of  Copernicus  was  pub- 
lished, as  wo  Lave  said,  in  1543,  In  September,  1556,  John  Field 
published  an  Ephemeris  for  1657,  "juxta  Copernici  et  Eeinholdi  Ca- 
nones,"  in  the  preface  to  which  he  avows  his  conviction  of  the  truth  of 
the  Copernican  hypothesis.  Robert  Eecorde,  the  author  of  various 
works  on  Arithmetic,  published  among  others,  "The  Pathway  to 
Knowledge"  in  1551.  In  this  book,  the  author  discusses  the  question 
of  the  "  qnietnes  of  the  earth,"  and  professes  to  leave  it  undecided  ; 
but  Mr.  Da  Morgan  {C'omp.  A.,  1837,  p.  33)  conceives  that  it  appears 
from  what  is  said,  that  he  was  really  a  Copernican,  but  did  not  think 
the  world  ripe  for  any  such  doctriae. 

Mr.  Joseph  Hunter  also  has  brought  to  notice'  the  cldms  of  Field, 
whom  he  designates  as  the  Prolo-Coptj-nkan  of  England.  He  quotes 
the  Address  to  the  Keader  prefixed  to  his  first  Ephemeris,  and  dated 
May  31,  1556,  in  which  he  says  that,  since  abler  men  decline  the  task, 
"  I  have  therefore  published  this  Ephemeris  of  the  year  1557,  follow- 
ing ia  it  as  my  authoriti^  N.  Copernicus  and  Erasmus  Reinhold, 
whose  writings  are  established  and  founded  on  true,  certain,  and  au- 
thentic demonstrations."  I  conceive  that  this  passage,  however,  only 
shows  that  Field  had  adopted  the  Copernican  scheme  as  a  basis  for 
the  calculation  of  Ephemeridea ;  which,  as  Mr.  De  Morgan  has  re- 
marked, is  a  very  different  thing  from  accepting  it  as  a  physical  truth. 
Field,  in  this  same  address,  makes  mention  of  the  errors  "illius  turbie 
quse  Alptocsi  utitur  hypothesi ;"  but  the  word  hypothesis  is  still  indo- 

As  evidence  that  Field  was  regarded  in  his  own  day  as  a  man  who 

'  Aet.  Son.  Notices,  vol.  lii.  p.  3  (1833). 
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had  rendered  good  service  to  science,  Mr.  Hunter  notices  that,  in  1558, 
tiie  Heralds  granted  to  him  t!ie  right  of  using,  with  his  arms,  the  ccest 
or  additional  device  of  a  red  right  arm  issuing  from  the  clouds,  and 
presenting  a  golden  artnillary  sphere. 

Kecorde's  claims  depend  upon  a  paissage  in  a  Dialogue  between 
Master  and  Scholar,  in  which  the  Master  expounds  the  docttiue  of 
Copernicus,  and  tie  authorities  against  it;  to  which  the  Scholar  an- 
swers, taking  the  common  view :  "  B"ay,  sir,  in  good  faith  I  desire  not 
to  hear  such  vaine  phantasies,  so  far  against  common  reason,  and  re- 
pugnant to  all  the  loarnod  multitude  of  wryters,  and  therefore  let  it 
passe  forever  and  a  day  longer."  Tie  Master,  more  sagely,  warns 
him  against  a  hasty  judgment,  and  says,  "  Another  time  I  will  so  de- 
clare his  supposition,  that  you  shall  not  only  wonder  to  hear  it,  but 
also  peradventure  be  as  earnest  theu  to  credit  it,  as  you  now  are 
to  condemne  it,"  I  conceive  that  this  passage  proves  Mr.  JDe  Mor- 
gan's assertion,  that  Records  was  a  Gopernican,  and  very  likely  the 
first  in  England. 

In  1565,  also,  Leonard  Diggea  published  his  "  Prognosticfition  Ev- 
erlasting j"  but  this  is,  as  Mr.  De  Morgan  says  (Comp.^.,  1837, p.  iO), 
a  meteorological  work.  It  was  republished  in  1592  by  his  son  Thom- 
as Di^es  with  additions;  and  as  these  have  been  the  occasion  of 
some  confusion  among  those  who  have  written  on  the  history  of 
astronomy,  I  am  glad  to  be  able,  through  the  kindness  of  Professor 
Walker,  ofOxford,  logive  a  distinct  account  of  the  editions  of  the  work. 
In  the  Bodleian  Library,  besides  the  editions  of  1555  and  1592  of 
the  "Prognostication  Everlasting,"  there  is  an  edition  of  1564.  It  is 
still  decidedly  Ptolemaic,  and  contains  a  diagram  representing  a  num- 
ber of  concentric  circles,  which  are  marked,  in  order,  as — 
"The  Earth, 

Moone, 

Venus, 

Mercury, 

Sunne, 

Mars, 

Jupiter, 

Saturne, 
The  Starrie  Fiimament, 
The  Crystalline  Heavens, 
The  First  Mover, 
The  Abode  of  God  and  the  Elect.    Ilere  the  Learned  do  approve." 
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The  third  edition,  of  1592,  contains  au  Addition,  by  the  8011,  of 
twenty  pages.  He  there  speaks  of  Laving  found,  appai'ently  among 
hia  father's  papers,  "  A  description  or  modile  of  the  world  and  situa- 
tion of  Spheres  Ccelestial!  and  elementare  according  to  the  doctrine  of 
Ptolemie,  whereunto  all  universities  (led  tKoreunfo  chiefly  hy  the  au- 
thoritie  of  Aristotle)  do  consent."  lie  adds:  "But  m  this  our  age, 
one  rare  witte  (seeing  the  oontinuall  en-ors  that  from  time  to  time 
more  and  more  continually  have  been  discovered,  besides  the  infinite 
absurdities  in  tbeir  Theoricks,  which  they  have  been  forced  to  admit 
ttat  would  not  c<infes'*e  any  Mobilitio  in  the  ball  of  the  Earth)  hath 
by  long  studyo,  paynfull  practise,  and  rare  invention,  delivered  a  neiv 
Tbeorick  or  Model  of  the  worid,  shewing  that  tie  Earth  resteth  not 
in  the  Center  of  the  whole  world  or  globe  of  elements,  which  encir- 
cled and  enclosed  in  the  Moone's  orbe,  and  together  with  the  whole 
globe  of  mortalitye  is  caiTied  yearely  round  about  the  Sunne  which 
like  a  king  in  the  middest  of  all,  raygneth  and  giveth  lawes  of  n  t 
f«  all  the  rest,  spliasricaJly  dispersing  hia  glorious  be  mea  of  1  gh 
through  all  this  sacred  cceleatiall  Temple.  And  the  Ea  th  tselfe  t 
bo  one  of  the  Planets,  having  his  peculiar  and  strange  co  tu  mn 

every  24  hours  roundo  upon  his  owno  centre,  whereby  the  ^  nne  and 
great  globe  of  fixed  Starres  seem  to  sway  about  and  tume  albe  t  n 
deed  they  remaine  fixed — So  many  ways  is  the  sense  of  mortal  man 
abused," 

This  Addition  is  headed : 

"A  Perfit  Description  of  the  Ccelestiall  Orbes,  according  to  the 
most  ancient  doctrine  of  the  Pythagoreans  :  lately  revived  by  Coper- 
nicus, and  hy  Geometrical  Demonstrations  approved."  Mr.  Do  Mor- 
gan, not  having  seen  this  edition,  and  knowing  the  title-page  only  as 
far  as  the  word  "Pythagoreans,"  says  "their  aslrologteai  doctrines  we 
presume,  not  their  reputed  Gopernican  ones."  But  it  now  appears  that 
in  this,  a£  in  other  cases,  the  authority  of  the  Pythagoreans  was  clam- 
ed for  the  Copemican  system.  Antony  a  Wood  quotes  the  latter  part 
of  the  title  thus :  "  Cui  snbncctitur  orhium  Copernicarum  acgurata 
descriptio ;"  which  is  inaccurate.  Weidler,  still  more  inaccurately, 
cites  it,  "  Cui  subnectitur  operum  Copemici  accurafa  descriptio."  La- 
lands  goes  still  further,  attempting,  it  would  seem,  to  recover  the  Eng- 
lish title-page  from  the  Latin :  we  find  in  the  Bihl,  Astron.  the  fol- 
lowing: "1692  .  .  Leonard  Digges,  Accurate  Description  of  the 
Gopernican  System  to  the  Astronomical  perpetual  Prognostication." 

Thomas  Digges  appears,  by  others  also  of  his  writings,  to  have  been 
Vol.  I.— 34 
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a  clear  and  decided  Copernioaa.  In  his  "  AIm  sive  Scalse  Matliema- 
tic£e,"  1573,  lie  bestows  high  praise  lipon  Copernicus  and  upon  his 
sjEtem :  and  appeai-a  to  have  been  a  believer  in  the  real  motion  of  the 
Earth,  and  not  merely  an  admirer  of  the  system  of  Copernicus  as  an 
explanatory  hypothesis. 

Giordano  Bruno. 

Thh  complete  title  of  the  work  referred  to  is : 

"Jordan!  Branl  Nolani  De  Monads  Kumero  ot  Figura  libor  conso- 
quens  Quinque  De  Minimo  Magno  et  Mensura,  item  De  Innumerabi- 
libus,  Immenso  et  Infigurahili ;  seu  De  Universo  et  Mandis  lihro  ooto. 
(Francofurti,  1591.)" 

That  the  Header  may  judge  of  the  value  of  Bruno's  speculations,  I 
g^ve  tie  following  quotations : 

Lib.  iv.  c.  11  (Index).  "Tellurem  totam  Labitabileni  esse  intus  et 
extra,  et  innumerabilia  animantium  complecti  tum  nobis  sensibilium 
turn  occultorum  genera." 

,  C.  13.  "TJt  Mnndorum  Synodi  in  Universo  et  particulares  Mundi 
in  Synodis  ordinentnr,"  &c. 

He  says  (Lib  v  c  1,  p.  461):  "Besides  the  stars  and  the  great 
worlds  there  are  smallei  living  creatures  carried  through  the  ethereal 
"pace,  in  the  form  of  a  small  sphere  which  has  the  aspect  of  a  bright 
fire,  and  is  by  the  vulgar  regarded  as  a  fiery  beam.  They  are  below 
the  clotidfl  imd  I  saw  one  which  seemed  to  touch  the  roofs  of  the 
houses  Now  this  sphere  or  beam  as  they  call  it,  was  really  a  living 
cieature  [ammal),  vthich  I  once  saw  moving  in  a  straight  path,  and 
grazing  as  it  were  the  roofe  of  the  city  of  Nola,  as  if  it  were  going  to 
impmge  on  Mount  Cicada ;  which  however  it  went  over." 

There  are  two  recent  editions  of  the  works  of  Giordano  Bruno ;  by 
Adolf  Wagner,  Leipsict,  1830,  iu  two  volumes;  and  by  Gfrorer,  Ber- 
lin,.1833.  Of  the  latter  I  do  not  know  that  more  than  one  volume 
(vol.  ii.)  has  a 


Sid  Francis  Macon  reject  the  Copernican  System,  ? 

Mr.  Da  MoaaAw  has  verj'  properly  remarked  {Comp.  B.  A.  1856, 
p.  11)  that  the  notice  of  the  heliocentric  question  in  the  JVovum  Or- 
ffanon  must  be  considered  one  of  the  most  important  passages  in  his 
works  upon  tliis  point.,  as  being  probably  the  latest  written  and  best 
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matured.  It  occurs  iu  Lib.  ii.  Aphorism  xxxvi.,  in  which  he  is  spenk- 
ing  of  Prerogative  Instances,  of  which  he  gives  twenty-seven  species. 
In  the  passage  now  referred  to,  he  is  speaking  of  a  kind  of  Prerogative 
Instances,  better  known  to  ordinary  readers  than  most  of  tlio  kinds  by 
name,  tie  Instantia  Crucis:  though  probably  the  metaphor  from 
which  this  name  is  derived  is  commonly  wrongly  apprehended.  Ba- 
con's meaning  is  Guide-Post  Instances :  and  the  Crux  which  he  alludes 
to  is  not  a  Cross,  but  a  Gnide-Post  at  Cross-roads.  And  among  the 
cases  to  which  snch  Instances  may  be  applied,  he  mentions  the  diurnal 
motion  of  the  heavens  from  cast  to  west,  and  the  special  motion  of  the 
particular  heavenly  bodies  from  west  to  east.  And  he  suggests  what 
he  conceives  may  be  an  Instantia  Ciucis  in  each  cise.  It,  he  says,  we 
find  any  motion  flora  e'lst  to  west  m  the  bodies  which  surround  the 
earth,  slow  iu  the  ocean,  quicker  m  the  air,  quicker  still  m  comets, 
gradually  quicker  la  planets  according  to  their  greater  distance  from 
the  earth;  then  we  may  suppose  that  there  is  a  cosmical  diumal  mo- 
tion, and  the  motion  of  the  earth  must  be  denied 

With  regard  to  the  special  motions  of  the  heavenly  bodies,  he  first 
remarks  that  each  body  not  coining  quite  bo  far  westwards  as  before, 
after  one  revolution  of  the  heavens,  and  going  to  the  north  or  the 
south,  does  not  imply  any  special  motion  ;  since  it  may  he  aecouatcd 
for  by  a  modification  of  the  diurnal  motion  in  each,  which  produces 
a  defect  of  the  return,  and  a  spiral  path ;  and  he  says  that  if  we  look 
at  the  matter  as  common  people'  and  disregard  the  devices  of  astron- 
omers, the  motion  is  really  so  to  the  senses;  and  that  he  has  made  an 
imitation  of  it  by  means  of  wires.  The  instantia  erticjs  which  he  here 
sn^ests  is,  to  see  if  we  can  find  in  any  credible  history  an  account  of 
any  comet  which  did  not  share  in  the  diurnal  revolution  of  the  skies. 

On  his  assertion  that  the  motion  of  each  separate  planet  is,  to  sense, 
a  spiral,  we  may  remark  that  it  is  certainly  true ;  hut  that  the  business 
of  science,  here,  as  elsewhere,  consists  in  resolving  the  complex  phe- 
nomenon into  ample  phenomena ;  the  cooiples  spiral  motion  into  aim- 
pie  circular  motions. 

With  regard  to  the  diumal  motion  of  the  earth,  it  would  seem  as  if 
Bacon  himself  had  a  leaning  to  helieve  it  when  he  wrote  this  passage ; 
foe  neither  is  he  himself,  nor  are  any  of  the  Anticopernicans,  accus- 


.  in  mnltia  immerito 
inanm  qnalem  dinim 
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toinpd  to  assert  that  the  iinineusely  rapid  motion  of  the  sphere  of  the 
Fixed  Stars  graduates  by  a  slower  and  slower  motion  of  Planets, 
Comets,  Air,  and  Ocean,  into  the  immobility  of  the  Earth,  So  that 
the  conditions  are  not  satisfied  on  which  he  hypothetically  says,  "  tum 
abnegandus  est  motus  terrae." 

With  regard  to  the  proper  motions  of  the  planets,  this  passage  seems 
to  me  to  confirm  what  I  have  already  said  of  him  ;  that  he  does  not 
appear  to  have  seen  the  full  value  and  meaning  of  what  had  been  done, 
np  to  his  time,  in  Formal  Astronomy. 

We  may  however  fully  agree  with  Mr,  De  Morgan  ;  that  the  whole 
of  what  he  has  said  on  this  subject,  when  put  together,  does  not  jus- 
tify Hume's  nsseition  that  he  rejected  the  Copernican  system  "  with 
the  most  positive  disdain." 

Mr.  De  Morgan,  in  order  to  balance  the  Copernican  argument  de- 
rived from  the  immenBe  velocity  of  the  stars  in  their  diurnal  velocity 
on  the  other  supposition,  has  reminded  us  that  those  who  reject  this 
great  velocity  as  improbable,  accept  without  scruple  the  greater  velo- 
city of  light.  It  is  curious  that  Bacon  also  has  made  this  comparison, 
though  using  it  for  a  different  purpose ;  namely,  to  show  that  the 
transmission  of  the  visual  impression  may  be  instantaneous.  In  Apho- 
rism xlvi.  of  Book  ii.  of  the  J^ovum  Ch'ffanon  he  is  speaking  of  what 
he  calls  Inslanlite  currkuU,  or  Instantim  ad  aquam,  which  we  may 
call  Tnslancea  hy  ike  clock:  and  he  says  that  the  great  velocity  of  the 
diurnal  sphere  makes  the  marvellous  velocity  of  the  rays  of  light  more 
credible. 

"  Immensa  ilia  velooitas  in  ipso  corpore,  quse  cernitur  in  motu 
diurno  (quie  etiamviros  graves  ita  ohstupefecit  ut  matlmt  credere  mo- 
tum  lerrce),  facit  motum  ilium  ejacnlationis  ab  ipsis  [stellis]  (licet 
celeritat*  ut  disimus  admirabilem)  magis  eredibjlem."  This  passage 
shows  an  inclination  towards  the  opinion  of  the  earth's  being  at  rest, 
but  not  a  very  strong  conviction. 

Kepler  persecuted. 

We  have  scan  (p.  280)  that  Kepler  writes  to  Galileo  in  1S07— "  Be 
trustful  and  go  forwards.  If  Italy  is  not  a  convenient  place  for  the 
publication  of  your  views,  and  if  you  are  likely  to  meet  with  any  ob- 
stacles, perhaps  Germany  will  grant  us  the  necessary  liberty."  Kepler 
however  had  soon  afterwards  occasion  to  learn  that  in  Germany  also, 
the  cultivators  of  science  were  exposed  to  persecution.     It  is  true  that 
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in  his  case  the  persecution  went  mainly  on  the  broad  ground  of  liis  be- 
ing a  Protfistant,  and  extended  to  gt'eat  numbers  of  persons  at  that 
time.  The  circumstances  of  this  and  other  portions  of  Kepler's  life  have 
been  brought  to  h'glit  only  recently  through  an  examination  of  publii; 
documents  in  the  Archives  of  WUrtemberg  and  unpublished  letters  of 
Kepler.  {Johanu  Keppler's  Leben  und  "Wirken,  nach  neuerlich  aafge- 
fundenen  Manuscripten  beavbeitet  von  J.  L,  C.  Freihemi  v.  Bi'eit- 
schwart,  K.  Wurtemberg.  Staats-Kath.     Stuttgart,  1831.) 

Schiller,  ia  his  History  of  the  Thirty  Years'-  War,  says  that  when 
Ferdinand  of  Austria  succeeded  to  the  Archduchy  of.  Stiria,  and  found 
a  great  number  of  Protestants  among  his  subjects,  he  suppressed  their 
public  worship  without  cruelty  and  almost  without  noise.  But  it  ap- 
pears now  that  the  Protestants  were  treated  with  great  severity.  Kep- 
ler held  a  professorship  in  Stiria,  and  had  married,  in  1597,  Barbara 
Mtiller,  who  had  landed  property  in  that  province.  On  the  11th  of 
June,  1508,  he  writes  to  his  friend  Miestlin  that  the  arrival  of  the 
Prince  out  of  Italy  is  looked  forwards  to  with  terror.  In  December 
he  writes  that  the  Protestants  had  irritated  the  Catholics  by  attacks 
from  the  pulpit  and  by  caricatures ;  that  hereupon  the  Prince,  at  tiie 
prayer  of  the  I^tates,  had  declared  the  Letter  of  License  granted  by 
his  father  to  bo  forfeited,  and  had  ordered  all  the  Evangelical  Teachers 
to  leave  the  country  on  pain  of  death.  They  went  to  the  frontiers  of 
Hungary  and  Croatia ;  but  after  a  month,  Kepler  waa  allowed  to  re- 
turn, on  condition  of  keeping  quiet.  His  discoveries  appear  to  have 
operated  in  his  favor.  But  the  next  year  he  found  his  situation  in 
Stiria  intolerable,  and  longed  to  return  to  his  native  country  of  Wiir- 
temberg,  and  to  find  some  posilion  there.  This  he  did  not  obtain.  He 
wrote  a  circular  letter  to  his  Brother  Profestants,  to  give  them  conso- 
lation and  courage ;  and  this  was  held  to  be  a  violation  of  the  conditions 
on  which  his  residence  was  tolerated.  Fortunately,  at  this  time  ho  was 
invited  to  join  Tycho  Brahe,  who  had  also  been  driven  from  his  native 
country,  and  was  living  at  Prague.  Tlie  two  astronomers  worked  to- 
gether under  the  patronage  of  the  Emperor  Sudolph  IL;  and  when 
Tycho  died  in  IGOl,  Kepler  became  the  Imperial  Mathematkua. 

We  are  not  to  imagine  that  even  among  Protestants,  astronomical 
notions  were  out  of  the  sphere  of  religious  considerations.  When  Kep- 
ler was  established  in  Stiria,  his  fiist  offidal  business  w£b  the  calcula- 
tion of  the  Calendar  for  the  Evangelical  Community.  They  protested 
against  the  new  Calendar,  as  manifestly  calculated  for  the  furtherance 
of  an  impious  papistry  :  and,  say  they,  "  We  hold  the  Pope  for  a  lior- 
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rible  roaring  Lion.  If  we  take  his  Calendar,  we  must  needs  go  into 
the  church,  when  he  rings  us  in."  Kepler  however  did  not  fail  to  see, 
and  to  say,  that  the  Papal  Eeformation  of  the  Calendar  was  a  vast  im- 
provement, 

Kepler,  as  court- astronomer,  was  of  course  required  t<i  provide  such 
observations  of  the  heavens  as  were  requisite  for  the  calculations  of  the 
Astrologers.  That  he  considered  Astrology  to  be  valuable  only  as  the 
nnrse  of  Aetronomy,  he  did  not  hesitate  to  reveal.  He  wrote  a  .work 
with  a  title  of  which  the  following  is  the  best  translation  which  I  can 
g^ve:  '^  Terlius  inierveniem ;  or,  A  Warning  to  certain  Tkeologi, 
Medici,  Philosopki,  that  while  they  reasonably  reject  star-gaaing  super- 
atilJon,  they  do  not  throw  away  the  kernel  with  the  shell.'  1610."  In 
this  he  says,  "You  over-clever  Philosophers  blame  this  Daughter  of 
Astronomy  more  than  is  reasonable.  Do  you  not  know  that  she  must 
raaintain  her  mother  with  her  charms?  How  many  men  would  he 
ablo  to  make  Astronomy  their  business,  if  men  did  not  cherish  the 
hope  to  read  the  Future  in  the  skies?" 

Were  ike  Papal  Udicls  against  the  Copemican  System  repealed? 

Admibal  Smyth,  in  his  Cycle  of  Celestial  Objects,  vol.  i,  p,  es,  says 
— "At  length,  in  J818,  the  voice  of  truth  was  so  prevwling  that  Pius 
VII.  repealed  the  edicts  against  the  Copemican  system,  and  thus,  in 
the  emphatic  words  of  Cardinal  Toriozzi,  'wiped  off  this  scandal  from 
the  Church.'  " 

A  like  story  is  referred  to  by  Sir  Francis  Palgrave,  in  his  entertain- 
ing and  insti'uctive  fiction.  The  Merchant  and  the  Friar. 

Having  made  inquiry  of  persons  most  likely  to  be  well  informed  on 
this  subject,  I  have  not  been  ablo  to  learn  that  there  is  any  further 
foundation  for. these  statements  than  this:  In  1818,  on  the  revisal  of 
the  Index  Expurgatorius,  Galileo's  writings  were,  after  some  opposi- 
tion, expunged  from  that  Catalogue. 

Monsignor  Marino  Marinl,  an  eminent  Roman  Prelate,  had  address- 
ed to  the  RomaTta  Accademia  di  Archeologia,  certain  historioo-critioal 
Memoirs,  which  he  published  in  1860,  with  the  title  Galileo  e  Tlnqui- 
sizione.     In  llicae,  he  confirms  the  conclusion  which,  I  think,  almost 

s  The  GaroiaQ  paasiige  involves  a  ouriona  image,  borrowed,  I  Bnppoao,  from 
Bomo  odd  Etorj- :  "  dase  aie  mit  biliiger  Verwerfung  des  aterDgnekeriachen  Aber- 
glaubcQS  das  Kiod  iilcht  mit  dem  Bade  ausBchutten."  "  Thnt  tliey  do  not  tlitow 
away  tha  child  along  with  the  dirty  water  of  liis  bntli." 
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all  persons  who  have  studied  the  facts  have  arrived  at;^  that  Galileo 
trifled  with  authority  to  which  he  professed  to  submit,  and  was  pun- 
ished for  obstinate  coutumaoy,  Dot  for  heresy,  M.  Marini  renders  full 
justice  to  Galileo's  ability,  and  does  not  at  all  hesitate  to  regard  his 
scientific  attainments  as  among  the  glories  of  Italy.  He  quotes,  v/htkt 
Galileo  himself  quoted,  an  expression  of  Cavdinal  Baronius,  that  "  the 
intention  of  the  Holy  Spirit  was  to  teacli  how  to  go  to  heaven,  not 
how  heaven  goes,'"  He  shows  that  Galileo  pleaded  (p.  62)  that  he 
had  not  held  the  Copernican  opinion  after  it  had  been  intimated  to 
Mm  (by  Beliarmine  in  1616),  that  he  was  not  to  hold  it;  and  that  his 
broach  of  promise  in  this  respect  was  the  cause  of  the  proceedings 
against  him. 

Those  who  admire  Galileo  and  regard  him  as  a  roattjr  because,  af- 
ter escaping  punishment  by  saying  "  It  does  not  move,"  he  forthwith 
said  "And  yet  it  does  move,"  wil!  perhaps  be  interested  to  know  that 
the  former  answer  was  suggested  to  him  by  friends  anxious  for  his 
safety.  Niccolini  writes  to  Bali  Oioh  (April  9, 1633)  that  Galileo  con- 
tinued to  be  so  persuaded  of  the  truth  of  his  opinions  that  "he  was 
resolved  (some  moments  before  his  sentence)  to  defend  them  stoutly ; 
but  I  (continues  Niccolini)  exhorted  him  to  mate  an  end  of  this ;  not 
to  mind  defending  them ;  and  to  submit  himself  to  that  which  he  sees 
that  they  may  desire  him  to  believe  or  to  hold  about  iiis  matter  of  the 
motion  of  the  earth.  He  was  extremely  afflicted."  But  the  Inquisi- 
tion was  satisfied  with  his  answers,  and  required  no  more.' 

>  M.  Marini  (p. 
Bsnke,  taaong  the  "  stork 
Chnroh. 

»  Come  si  viidn  rI  Cielo, 
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CHAPTER  in. 
Principles  and  Problems. 


Significance  of  Analytical  Mechanics. 

IN  the  text,  page  S'ZS,  I  havo  stated  that  Lagrange,  near  the  end  of 
his  hfe,  expressed  his  sorrow  that  the  methods  of  approxhnation 
employed  in  Physical  Astronomy  rested  on  arbitrary  processes,  and 
not  on  any  insight  into  the  results  of  mechanical  action.  From  the 
reeent  biography  of  Gauss,  the  greatest  physical  mathematician  of 
modern,  times,  we  learn  that  he  congratulated  himself  on  having  es- 
caped this  error.  He  remarked'  that  many  of  the  most  celebrated 
mathemaUcians,  Euler  very  often,  Lagrange  sometimes,  had  trusted  too 
much  to  the  symbolical  calculation  of  their  problems,  and  would  not 
have  been  able  to  give  an  account  of  the  meaning  of  each  successive 
step  of  their  investigation.  He  said  that  ho  himself,  on  the  other  hand, 
could  assert  that  at  every  step  which  he  took,  he  always  had  the  aim 
and  purpose  of  his  operations  before  his  eyes  without  ever  turning 
aside  from  the  way.    The  same,  ho  remarked,  might  be  said  of  Newton. 

Sngineerinff  Mechceitics. 

The  principles  of  the  science  of  Mechanics  were  discovered  by  ob- 
servations made  npon  bodies  within  the  reach  of  men ;  as  we  have 
seen  in  spealdng  of  the  discoveries  of  Stevinus,  Galileo,  and  others,  up 
to  the  time  of  !Newton.  And  when  there  arose  the  controversy  about 
via  viva  (Chap.  v.  Sect,  2  of  this  Book) ; — namely,  whether  the  "liv- 
ing force"  of  a  body  is  measured  by  the  product  of  the  weight  into  the 

'  Gauss,  Zmii  Gediiehlmss,  bob.  W,  Sariorius  j).  WaltersMjisen,  p.  SO. 
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velocity,  oi'  of  tlie  weight  iato  the  squwe  of  the  velocity ; — still  the 
examples  taken  were  cases  of  action  in  machines  and  the  like  ter- 
restrial objects.  But  Newton's  discoveries  identified  celestial  witli 
terrestrial  mechanics ;  and  from  that  time  the  mechanical  problems 
of  the  heavens  became  more  important  and  attractive  to  mathemati- 
cians than  the  problems  about  earthly  machines.  And  thus  the  gen- 
eralizations of  the  problems,  principles,  and  methods  of  the  mathe- 
matical science  of  Mechanics  from  this  period  are  principally  those 
which  have  reference  to  the  motions  of  the  heavenly  bodies:  such 
as  the  Problem  of  Three  Bodies,  the  Principles  of  the  Conservation 
of  Areas,  and  of  the  Immovable  Plane,  the  Method  of  Variation  of 
Parameters,  and  the  like  (Chap.  vi.  Sect.  1  and  14).  And  the  same 
is  the  case  in  the  more  recent  progress  of  that  subject,  in  the  hands 
of  Gauss,  Bessel,  Hansen,  and  others. 

But  yet  the  science  of  Mechanics  as  applied  to  terrestrial  machines 
— Industrial  Mechcmies,  as  it  has  been  termed — has  made  some  steps 
which  it  may  be  worth  while  to  notice,  even  in  a  general  history  of 
science.  For  the  most  part,  all  the  most  general  laws  of  mechanical 
action  being  already  finally  established,  in  the  way  which  we  have 
had  to  narrate,  the  determination  of  the  results  and  conditions  of  any 
combination  of  materials  and  movements  becomes  really  a  mathemat- 
ical deduction  from  known  principles.  But  snch  deductions  may  be 
made  much  more  easy  and  much  more  luminous  by  the  establishment 
of  general  terms  ami  general  propositions  suited  to  their  special  con- 
ditions. Amongthese  I  mayraention  a  new  abstract  term,  introduced 
because  a  general  mechanical  principle  can  be  expressed  by  means  of 
it,  which  has  lately  been  much  employed  hy  the  mathematical  en^- 
neers  of  France,  MM.  Poncelet,  Ifavier,  Morin,  &a.  The  abstract  term 
is  Travail,  which  has  been  translated  Laboring  Force ;  and  the  prin- 
ciple which  gives  it  its  value,  and  makes  it  useful  in  the  solution  of 
problems,  is  this; — that  the  wort  done  (in  overcoming  resistance  or 
producing  any  other  effect)  is  equal  to  the  Lahoring  Force,  by  what- 
ever contrivances  the  force  be  applied.  This  is  not  a  new  principle, 
being  in  fact  mathematically  equivalent  to  the  conservation  of  Vis 
Viva;  but  it  has  been  employed  by  the  mathematicians  of  whom  I 
have  spoken  with  a  fertility  and  simplicity  which  make  it  the  mark 
of  a  new  school  of  The  Mechinics  of  Engineering. 

The  Laboring  Force  expended  and  the  work  done  have  been  de- 
scribed by  various  terms,  as  Theoretical  Effect  and  Praelieal  Effect, 
and  the  like.     The  usual  term  among  English  engineers  for  the  work 
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whicii  au  Eu^ne  usually  does,  is  Buty ;  but  as  tliis  word  naturally 
signifies  what  the  engine  ought  to  do,  rather  than  what  it  does,  we 
should  at  least  distinguish  between  the  Theoretical  and  the  Actual 
Duty. 

The  difference  between  the  Theoretical  and  Actual  Duty  of  a  Ma- 
chine arises  from  this :  that  a  portion  of  the  Laboring  Force  is  ab- 
sorbed in  producing  effects,  that  is,  in  doing  work  whitli  is  not  reck- 
oned as  Duty:  for  instance,  overcoming  the  resistance  and  waste  of 
the  machine  itself.  And  so  long  as  this  resistance  and  waste  are  not 
rigktly  estimated,  no  correspondence  can  bo  estabhshed  between  the 
theoretical  and  the  practical  Duty.  Though  much  had  been  written 
previously  upon  the  theory  of  the  steam-engine,  the  correspondence 
between  the  Force  expended  and  the  Work  done  was  not  clearly  made 
out  till  Comte  De  Pambour  published  his  Trealue  tm  Locomotive  Un- 
dines in  1835,  and  his  Theory  of  the  Sieam-Engine  in  1830. 


of  Materials. 

Among  (he  subjects  which  have  specially  engaged  the  attention  of 
those  who  have  applied  the  science  of  Mechanics  to  practical  matters, 
is  the  strength  of  materials  :  for  example,  the  strength  of  a  horizontal 
beam  to  resist  being  broken  by  a  weight  pressing  upon  it.  This  was 
one  of  the  problems  which  Galileo  took  up.  He  was  led  to  his  study 
of  it  by  a  visit  which  he  made  to  the  arsenal  and  dockyards  of  Venice, 
and  the  conclusions  whicli  he  drew  were  published  in  his  Dialogues, 
in  1633.  In  his  mode  of  regarding  the  problem,  he  considers  the 
section  at  which  the  beam  breaks  as  the  short  arm  of  a  bent  lever 
which  resists  fracture,  and  the  part  of  the  beam  which  is  broken  ofi' 
as  the  longer  arm  of  the  lever,  the  lever  turning  about  the  fracture  as 
a  hinge.  So  far  this  is  true ;  and  from  this  principle  he  obtained  re- 
sults which  are  also  true  ;  as,  that  the  strength  of  a  rectangular  beam 
ia  proportional  to  the  breadth  multiplied  into  the  square  of  the  depth  : 
— that  a  hollow  beam  is  stronger  than  a  solid  beam  of  the  same  mass ; 
and  the  like. 

But  he  erred  in  this,  tliat  he  supposed  the  hinge  about  which  the 
breaking  beam  turns,  to  be  exactly  at  the  unrent  surface,  that  surface 
resisting  all  change,  and  the  beam  being  rent  all  the  way  across. 
Whereas  the  fact  is,  that  the  unrent  surface  yields  to  compression, 
while  the  opposite  surface  is  rent;  and  the  hinge  about  which  the 
breaking  beam  turns  is  at  an  intermediate  point,  where  the  extension 
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and  rapture  end,  and  the  compression  and  crushing  begin  :  a  point 
which  has  been  called  the  neutral  axis.  This  was  pointed  out  by 
Mariotte ;  and  the  notion,  ono«  suggested,  was  so  manifestly  true  that 
it  was  adopted  by  mathematicians  in  general.  James  Bernoulli,'  in 
lV05,  Investigated  the  strength  of  beams  on  this  view ;  and  several 
eminent  mathematicians  pursned  the  subject ;  as  Varignon,  Parent, 
and  Bulfinger ;  and  at  a  later  period,  Dr.  Eobison  in  our  own  country. 

But  along  with  the  fracture  of  beams,  the  mathematicians  consid- 
ered also  another  subject,  the  flexure  of  beams,  wticK  they  undergo 
before  they  break,  in  virtue  of  their  elasticity.  What  is  the  elastic 
curve  ? — the  curve  into  which  an  elastic  line  forms  itself  under  the 
pressure  of  a  weiglit — is  a  problem  which  had  been  proposed  by  Gal- 
ileo, and  was  fully  solved,  as  a  mathematical  problem,  by  Euler  and 
others. 

But  beams  in  practice  are  not  mere  lines ;  they  are  solids.  And 
their  resistance  to  flexure,  and  the  amount  of  it,  depends  upon  the  re- 
e  of  their  internal  parts  to  extension  and  compression,  and  is 
1,  for  different  substances.  To  measure  these  differences.  Dr. 
Thomas  Young  introduced  the  notion  of  the  Modulus  of  Mlasiieity  :' 
meaning  thereby  a  column  of  the  substance  of  the  same  diameter,  such 
as  would  by  its  weight  produce  a  compression  equal  to  the  whole 
length  of  the  beam,  the  rate  of  compression  being  supposed  to  continue 
the  same  throughout.  Thus  if  a  rod  of  any  kind,  100  inches  long, 
were  comproased  1  inch  by  a  weight  1000  pounds,  the  weight  of  its 
modulus  of  elasticity  would  be  100,000  pounds.  This  notion  assumes 
Hooke's  law  that  the  extension  of  a  substance  is  as  its  tension ;  and 
extends  this  law  to  compression  also. 

There  is  this  great  advantage  in  introducing  the  definition  of  the 
Modulus  of  Elasticity,— that  it  applies  equally  to  the  flexure  of  a  sub- 
stance and  to  the  minute  vibrations  which  propagate  sound,  and  the 
like.  And  the  notion  was  applied  so  as  to  lead  to  curious  and  impor- 
tant results  with  regard  to  the  power  of  beams  to  resist  flexure,  not 
only  when  loaded  transversely,  but  when  pressed  in  the  direction  of 
their  length,  and  in  any  oblique  direction. 

But  in  the  fracture  of  beams,  the  resistance  to  estenaion  and  to  com- 
pression are  not  practically  equal ;  and  it  was  necessary  to  determine 

'  Opern,  ii.  p.  876. 

'  Lecture  xiii.  The  height  of  the  modulus  is  the  aame  for  the  Game  substance, 
whatBver  its  breadth  and  thiokncss  mn^  be ;  for  atmosplierio  air  it  ia  about  five 
miles,  and.  for  steel  nearly  1500  miles. 


Ho.ted  by  Google 


540  ADDITIONS. 

the  difference  of  these  two  forces  by  expei'imenls.  Several  poi'soiis 
pursued  researches  on  this  subject ;  especially  Mr.  Bailow,  of  the  Eojal 
Military  Academy/  who  investigated  the  subject  with  great  labor  and 
skill,  so  far  as  wood  is  concerned.  But  the  difference  between  tKe  I'c- 
sisfaace  to  tension  and  to  compression  requires  more  special  study  in 
the  case  of  iron ;  and  hns  been  especially  attended  to  in  recent  times, 
in  consequence  of  the  vast  increase  in  the  number  of  iron  structures, 
and  ia  particular,  railways.  It  appears  that  wroug^ht  iroa  yields  to 
compresave  somewhat  more  easily  than  to  tensile  force,  while  cast  iron 
yields  far  more  easily  to  tensile  than  to  compressive  strains.  In  all 
cases  the  power  of  a  beam  t«  resist  fracture  resides  mainly  in  the  upper 
and  the  under  side,  for  there  the  tenacity  of  the  material  acts  at  the 
greatest  leverage  round  the  hinge  of  fracture.  Hence  the  practice  was 
introduced  of  mating  iron  beams  with  a  broad  flange  at  the  upper  and 
another  flange  at  the  under  side,  connected  by  a  vertical  plate  or  web, 
of  which  the  office  was  to  keep  the  two  flanges  asunder.  Mr.  Hodg- 
fejnson  made  many  valuable  experiments  on  a  large  scale,  to  determine 
the  forms  and  properties  of  such  beams. 

But  though  engineers  were,  by  such  experiments  and  reasonings,  en- 
abled to  calculate  the  strength  of  a  given  iron  beam,  and  the  dimen- 
sions of  a  beam  which  should  bear  a  given  load,  it  would  hardly  have 
occurred  to  the  boldest  speculator,  a  few  years  ago,  to  predict  that 
there  might  be  constructed  beams  nearly  500  feet  long,  resting  merely 
on  their  two  extremities,  of  which  it  could  be  known  beforehand,  that 
they  would  sustain,  without  bending  or  yielding  in  any  perceptible  de- 
gree, the  weight  of  a  railroad  train,  and  the  jar  of  ils  unchecked  motion. 
Yet  of  such  beams,  constructed  beforehand  with  the  most  perfect  con- 
fidence, crowned  with  the  most  complete  success,  is  composed  the  great 
tubular  bridge  which  that  consummate  engineer,  Mr.  Robert  Stephen- 
son, has  thrown  across  the  Menai  Strait,  joining  Wales  with  the  Island 
of  Anglesey.  The  upper  and  under  surfaces  of  this  quadrangular  tube 
are  the  flanges  of  the  beam,  and  the  two  sides  are  the  webs  which  con- 
nect them.  In  planning  this  wonderful  structure,  the  point  which  re- 
quired especial  care  was  to  make  the  upper  surface  strong  enough  to 
resist  the  compressive  force  which  it  has  to  sustain ;  and  this  was  done 
by  constructing  the  upper  part  of  the  beam  of  a  series  of  cells,  made 
of  iron  plate.  The  application  of  the  arch,  of  the  dome,  and  of  groin- 
ed vaulting,  to  the  widest  space  over  which  they  have  ever  been  thrown, 

>  Aa  Essay  on  tlis  Strength  and  Shape  of  Timior.    Sd  edition,  1820. 
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are  achievements  which  have,  in  the  ages  in  which  they  occurred,  been 
jeceived  with  great  admiration  and  applause ;  but  in  those  cases  the 
principle  of  the  structure  had  been  tried  and  verified  for  ages  upon  a 
smaller  scale.  Here  not  only  was  the  space  thus  spanned  wider  than 
any  ever  spanned  before,  but  the  principle  of  such  a  beam  with  a  cel- 
lular structure  of  its  parts,  was  invented  for  this  very  purpose,  experi- 
mentally verified  with  care,  and  applied  witli  the  most  exact  calcula- 
tion of  its  results. 

Roofs-^Arehes —  Vaults. 

The  calculations  of  the  mechanical  conditions  of  structures  consist- 
ing of  several  beams,  as  for  instance,  the  frames  of  roofs,  depends  upon 
elementary  principles  of  mechanics ;  and  was  a  subject  of  investigation 
at  an  early  period  of  the  science.  Such  frames  may  be  regarded  as 
assemblages  of  levers.  The  parts  of  which  they  consist  are  rigid  beams 
which  sustain  and  convey  force,  and  Ties  which  resist  such  force  by 
their  tension.  The  former  parts  must  be  made  rigid  in  the  way  just 
spoken  of  with  regard  to  Iron  beams;  but  ties  may  be  rods  merely. 
The  wide  structures  of  many  of  the  roofs  of  railway  stations,  compared 
with  the  massive  w  oo  bdg         yhuh 

boldly  and  how  sn  yd  n  h      b  n 

modern  times.     Th  gnfb  dnad  ^h 

structures  consisting       wdbemhb         u  yMh 

maticians  and  Eug  ad  C  jien    y  M 

chanical  Treatises.  m     DEb     nadDThma 

Young  have  been  two  of  the  most  eminent  mathematicians  who  have 
written  upon  this  subject. 

The  properties  of  the  simple  machines  have  been  known,  as  we  have 
narrated,  from  the  time  of  the  Ancient  Greeks.  But  it  is  plain  that 
such  machines  are  prevented  from  producing  their  full  etfect  by  vari- 
ous causes.  Among  the  rest,  the  rubbing  of  one  part  of  the  machine 
upon  another  produces  an  obstacle  to  the  effectiveness  of  a  machine  : 
for  instance,  the  nibbing  of  tlie  axle  of  a  wheel  in  the  hole  in  which  it 
rests,  the  rubbing  of  a  screw  against  the  sides  of  its  hollow  screw;  the 
rubbing  of  a  wedge  against  the  sides  of  its  notch ;  the  rubbing  of  a 
cord  against  its  pulley.  In  all  these  cases,  the  effect  of  the  machine 
to  produce  motion  is  diminished  by  the  friction.  And  this  Friction 
may  be  measured  and  its  effects  calculated ;  and  thus  we  have  a  new 
branch  of  mechanics,  which  has  b«oii  much  cultivated. 
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Among  the  effects  of  friction,  we  may  notice  the  standing  of  a  stone 
arch.  For  each  of  the  vaulting  stones  of  an  arch  is  a  truncated  wedge ; 
and  tiough  a  collection  of  such  stones  might  be  so  proportioned  in 
their  weights  as  to  balance  exactly,  yet  this  balance  would  be  a  totter- 
ing equilibrium,  which  the  slightest  shock  would  throw  down,  and 
which  .would  not  practically  subsist.  But  the  friction  of  the  vaulting 
stones  against  one  another  prevents  this  instability  from  being  a  prac- 
tical inconvenience ;  and  makes  an  equilibrated  arch  to  be  an  arch 
strong  for  practical  purposes.  The  Theory  of  Arehes  is  a  portion  of 
Mechanics  which  has  been  much  cultivated,  and  which  has  led  to  con- 
clusions of  practical  use,  as  well  as  of  theoretical  beanty. 

I  have  already  spoken  of  the  invention  of  the  Arch,  the  Dome,  and 
Groined  Vaulting,  as  marked  steps  in  building.  In  all  these  cases  the 
invention  was  devised  by  praetical  builders;  and  mechanical  theory, 
though  it  can  afterwards  justify  these  structures,  did  not  originally 
suggest  them.  They  are  not  part  of  the  result,  nor  even  of  the  appli- 
cation of  theory,  but  only  of  its  exemplification.  The  authors  of  all 
these  inventions  are  unknown ;  and  the  inventions  themselves  may  be 
regarded  as  a  part  of  tie  Prelude  of  the  science  of  mechanics,  because 
they  indicate  that  the  ideas  of  mechanical  pressure  and  support,  in 
various  forms,  are  acquiring  clearness  and  fixity. 

In  this  point  of  view,  I  spoke  (Book  iv.  chap,  v,  sect,  S)  of  the  Arch- 
itecture of  the  Middle  Ages  as  indicating  a  progress  of  thought  which 
led  men  towards  the  formation  of  Statics  aa  a  science. 

As  particular  instances  of  the  operation  of  such  ideas,  we  have  the 
Flyinff  Suitresses -which  support  stone  vaults;  and  especially,  as  al- 
ready noted,  the  various  eoutrivancea  by  which  stone  vaults  are  made 
to  intersect  one  another,  so  as  to  cover  a  complex  pillared  space  below 
with  Groined  Vaullinff.  This  invention,  executed  as  it  was  by  the 
builders  of  the  twelKh  and  succeeding  centuries,  is  the  moat  remark- 
able advance  in  the  mechanics  of  building,  after  the  invention  of  the 
Areh  itself. 

It  is  curious  that  it  has  been  the  fortune  of  our  times,  among  its 
many  inventions,  to  have  produced  one  in  this  department,  of  which 
we  may  say  that  it  is  the  most  remarkable  step  in  the  mechanics  of 
arches  which  has  been  made  since  the  introduction  of  pointed  groined 
vaults.  I  speak  of  what  are  called  Skew  Arches,  in  which  the  courses 
of  stone  or  brick  of  which  the  bridge  is  built  run  obliquely  to  the 
walls  of  the  bridge.  Such  bridges  have  become  very  common  in  the 
works  of  railroads ;  for  they  save  space  and  material,  and  the  inven- 
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tioii  once  made,  the  cost  of  the  ingenuity  is  nothing.  Of  course,  the 
mechanical  principles  involved  in  such  structures  are  obvious  to  the 
mathematioian,  when  the  problem  tas  been  practically  solved.  And 
in  this  case,  as  in  the  previous  cardinal  inventions  in  structure,  though 
the  event  has  taken  place  within  a  few  years,  no  dngle  person,  so  far 
as  I  am  aware,  can  be  named  as  the  inventor.' 

s  Since  this  was  written,  I  hava  been  leferrod  to  Eocs'a  Oyolopadia,,  Articlo  OliUqae 
Arches,  where  this  invention  is  correctly  expliuned,  and  is  claimed  for  an  engineer 
nimiad  Chapman.  It  is  thera  said,  that  the  firet  arch  of  thia  kind  was  erected  in 
ITS?  at  Naas,  near  Eildaie  in  Ireland. 
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PHYSICAL    ASTRONOMY. 


The  Ancients. 


EXPEESSIONS  in  ancioDt  writers  whicli  may  be  interpreted  as  in- 
dicating  a  notion  of  gravitation  in  tlie  Newtoniaa  sense,  no  doubt 
occur.  But  aucli  a  notion,  we  may  be  sure,  must  have  been  in  tlie 
highest  degree  obscure,  wavering,  and  partial.  I  have  mentioned 
(Book  i.  Chap.  3)  an  author  who  has  fancied  that  he  traces  in  the 
works  of  the  ancients  the  origin  of  most  of  the  vaunted  discoveries 
of  the  moderns.  But  to  ascribe  much  importance  to  such  expressions 
would  be  to  give  a  false  representation  of  the  real  progress  of  science. 
Yet  Bomo  of  Newton's  followers  put  forward  these  passages  as  well 
deserving  notice ;  and  Newton  himself  appears  to  have  had  some 
pleasure  in  citing  such  expressions ;  probably  with  the  feeling  that 
they  relieved  Lim  of  some  of  the  odium  which,  he  seems  to  have  ap- 
prehended, hung  over  new  discoveries.  The  Preface  to  the  Principia 
begins  by  quoting'  the  authority  of  the  ancienta,  as  well  as  the  mod- 
erns, in  favor  of  applying  the  science  of  Mechanics  to  Natural  Phi- 
losophy. In  the  Preface  to  David  Gregory's  Asironomice  Phydcw  et 
Cfeometricm  EUmenta,  published  in  1702,  is  a  large  array  of  names  of 
ancient  authors,  and  of  quotations,  to  prove  the  early  and  wide  diffu- 
sion of  the  doctrine  of  the  gravity  of  the  Heavenly  Bodies.  And  it 
appears  to  bo  now  made  out,  that  this  collection  of  ancient  authorities 

'  Cnm  veterBB  Mechanicdm  (ali  author  est  Fappus)^  in  rerum  Naturalium  iuvesti- 
gfttione  maximi  feocrint,  ot  rcceatiorES,  missis  I'otmis  eubstantialibus  et  qnnlitati- 
bns  ooouIOs,  Fbenomeiia  Naturts  ad  lagea  mathemaUoflS  revooarB  nggrcsaa  snuti 
liaum  est  in  hoc Tta^jtatu  MutTtesia cxcolere  quateiius  ea  ad  Flaloso}>Mam apeotat. 
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was  supplied  to  Gi  enj  bj  NcwtuQ  lunrieli  Tlie  hte  Piot  s^oi  Ki 
gaud,  in  tis  historical  Sssay  on  the  First  Fvhliratton  of  '^ir  Isaac 
Ifewton's  Principia,  says  (pp  80  vaA  101)  that  hiving  been  allowed 
to  examine  Gregory's  pipers  he  found  thit  flie  quotations  gnen  h\ 
him  in  his  Preface  aie  copied  jr  abridge  I  from  notes  which  Newton 
had  supplied  to  him  m  his  twn  hmdnnting  Some  of  the  moat  no 
ticeable  of  tlie  quotitions  are  those  tiken  &  m  Plutarch's  Dubgue 
on  the  Face  tvhck  appears  m  tlie  Mom's  Disk  it  is  there  siid,  foi 
example,  by  one  if  the  speakers,  that  the  Moon  is  perhaps  prevented 
from  falling  to  the  eirth  by  the  rapidity  of  her  revolution  lound  it 
as  a  atone  whiiled  m  a  sling  keeps  it  stretched  Luuretms  -Jso  is 
quoted,  as  teaching  thit  all  bodies  would  descend  with  an  equal  ce- 
lerity in  a  \icuum 

nmma  quapropter  debent  per  irmtio  qumtu  a 
M  lue  ponder  b  s  n  n  -Bquis  oonoita  lem 

It  is  asscrttd  in  Gregorys  Piefice  that  Pjthigoiis  was  not  unac- 
quainted with  the  important  law  of  gravity,  the  inverse  squares  of  the 
distances  from  the  centre.  For,  it  is  argued,  the  seven  strings  of 
Apollo's  lyre  mean  the  seven  planets ;  and  the  proportions  of  the 
notes  of  strings  are  reciprocally  as  the  inverse  squares  of  the  weights 
which  stretch  tkem. 

I  have  attempted,  throughout  this  worli,  to  trace  the  progress  of  the 
discovery  of  the  great  truths  which  constitute  real  science,  in  a  more 
precise  manner  than  that  which  these  interpretations  of  ancient  au- 
thors exemplify. 

Joremmh  Horrox. 

In  describing  the  Prelude  to  the  Epoch  of  Hewton,  I  have  spoken 
(p.  385)  of  a  group  of  philosophers  in  England  who  began,  in  the  first 
half  of  the  seventeenth  century,  to  knock  at  the  door  where  Truth 
was  to  be  found,  altiiough  it  was  left  for  Newton  to  force  it  open; 
and  I  ha\e  there  not'ced  the  influence  ot  the  c  d  wars  on  the  prog- 
ress ot  philosoph  al  studes  To  the  pe  sons  thu  tenln^^  tiwards 
the  tiue  phys  al  theoy  of  the  soh  sy  tern  I  ought  to  hi  c  added 
Jeremy  Horros,  ho  i  I  hive  ment  oned  n  a  former  part  {Look  v. 
h^p  5)  as  one  of  the  earl  st  admi  e  s  of  Kepler  s  d  s  o\er  .  He 
d  ed  t  the  early  age  of  twenty  tn  o  h.v,  ng  been  the  first  person'  who 
e\er  saw  Venus  pass  a  os  the  d  k  oi  the  feun  d  rlngto  astro- 
nom  cd  p  ed  ct  on  wh  h  took  ph  e  nl03i»  H  s  F  its  sole  visa, 
Vol  1-35 
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in  which,  this  is  described,  did  Eot  appear  till  1661,  when  it  was  pub- 
listed  by  Hevelius  of  Dantzic.     Some  of  Lis  papers  were  destroyed  by 
the  soldiers  in  the  English  civil  wars  •  and  his  remaioiao-  works  were 
finally  published  by  Wailis,  in  16V3     Th    pas    g    t       h   h  I  h 
speoiaJly  wish  to  refer  is  contained  1  tt     t    h       t       m     1    lly 

"William  Crabttee,  dated  1638.     He     [p  t     h         Id  ked  by 

his  friend  to  suggest  some  cause  for  th     m  t  f  th      ph  1         f 

placet ;  and  in  reply,  he  uses  an  exp     m    t  1    Unst    t       wh   K  w 
afterwards  employed  by  Hoote  in  1666    A  ball    t  th       d    f      t     ^ 
is  made  to  swing  so  that  it  describes  1     Th  t  H    k 

employed  to  show  the  way  in  which  b  t         It    f   m  th       mb 

nation  of  a  projectile  motion  with  a  tlfc«  Btti  Jd 
not  keep  its  axis  constantly  in  the  s  pt  Thj.daaH 
rox  remarked,  move  in  the  same  d      t  th    p    dulm     th    gli 

much  slower.     And  it  is  true,  that  tli        p     m    t  1        11    t    t 
general  way,  the  cause  of  the  motio      t  th     ph  1       t  th    PI      t    y 
Orbits ;  although  the  form  of  the  o  b  t     d  ft       t      th       i  nm    t 
and  in  the  solar  system  ;  being  an    II  p         tl  th  t        t  f 

the  centre  of  the  ellipse,  in  the  for  as         d  !1  p     w  th  th 

centre  of  force  in  the  focus,  in  the  I  tt  as  Th  se  t  f  m  f 
orbits  correspond  to  a  central  force  laryjng  directly  as  the  distance, 
and  a  central  force  varying  inversely  as  the  square  ot  the  Lstance ;  as 
Newton  proved  in  the  Prindpia.  But  the  illustration  appears  to 
show  that  Horrox  pretty  clearly  saw  how  an  oibit  arose  from  a  cen- 
tral force.  So  far,  and  no  fartLcr,  Newton's  contemporarns  could  get ; 
and  then  he  had  to  help  them  onwards  by  siiowing  nhat  was  the  law 
of  the  force,  and  what  larger  tmths  were  now  attainabk. 

NewtorHs  Discovery  of  Gravitatuyii. 

[Page  402.]  As  I  have  already  remarked,  men  have  a  willingness 
to  believe  that  great  diseoveriea  are  governed  by  casual  coincidences, 
and  accompanied  \iy  sudden  revolutions  of  feeling.  Newton  had  enter- 
tained the  thought  of  the  moon  being  retained  in  her  orbit  by  gravita- 
tion as  early  as  166S  or  166C.  He  resumed  the  subject  and  worked 
the  thought  out  into  a  system  in  1684  and  5.  What  induced  him  to 
return  to  the  question  ?  What  led  to  his  success  on  this  last  occasion  ? 
With  what  feelings  wik  the  success  attended?  It  is  easy  to  make  an 
imaginary  connection  of  facts.  "His  optical  discoveries  had  recom- 
mended him  to  the  Royal  Society,  and  he  was  now  a  member.     He 
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there  ]eartie<l  the  accurate  measurement  of  Uie  Eartli  by  Picard,  differ- 
ing very  miicli  from  the  estimation  by  whicli  Jie  had  made  his  calcula- 
tion in  1666  ;  and  he  thought  his  conjecture  now  more  likely  to  be 
just,'"  M.  Biot  gives  his  assent  to  this  guess.'  The  English  transla- 
tion of  M.  Biot's  biograpliy'  converts  the  guess  into  an  assertion.  But, 
says  Professor  Rigaud,"  Picard's  measurement  of  the  Earth  was  well 
known  to  the  Fellows  of  the  Koyal  Society  as  early  as  1676,  there  be- 
ing an  account  of  the  results  of  it  given  in  the  Philosophical  Trans- 
actions  for  that  year.  Moreover,  Norwood,  in  his  Seamart's  Practice, 
dated  1636,  had  given  a  much  more  exact  measure  than  Newtun  em- 
ployed iu  1066.  But  Norwood,  aaya  Voltwre,  had  been  buried  in  ob- 
livion by  the  civil  wars.  No,  again  says  the  exact  and  tmth-lovicg 
Professor  Eigaud,  Norwood  was  in  communication  with  the  Royal 
Society  in  1667  aud  1668.  So  these  guesses  at  the  accident  which 
made  the  apple  of  1665  germinate  in  1684,  are  to  be  carefully  distin- 
guished from  history. 

But  with  what  feelings  did  Newton  attain  to  his  success?  Here 
again  we  have,  I  fear,  nothing  better  than  conjecture.  "He  went 
home,  took  out  his  old  papei?,  and  resumed  Ms  calculations.  Aa  they 
drew  near  to  a  close,  he  was  so  much  agitated  that  he  was  obliged  to 
desire  a  friend  to  finish  them.  His  foimer  conjecture  was  now  found 
to  agree  with  the  phenomena  with  the  utmost  precision.'"  This  con- 
jectural story  has  been  called  "  a  tradition ;"  but  he  who  relates  it 
does  not  call  it  so.  Every  one  must  decide,  says  Professor  Eigaud, 
from  his  view  of  Newton's  character,  how  far  he  Chinks  it  consistent 
with  this  statement  Is  it  likely  that  Newton,  so  calm  and  so  indifier- 
ent  to  fame  as  he  generally  showed  himself,  should  be  thus  agitated 
on  such  an  occasion  f  ■  "  No,"  says  Sir  David  Brewster ;  "  it  is  not  sup- 
ported by  what  we  know  of  Newton's  character.'"  To  this  we  may 
assent;  and  this  conjectural  incident  we  must  therefore,  I  conceive, 
separate  from  history.  I  had  incautiously  admitted  it  into  the  text  of 
the  first  Edition. 

Newton  appears  to  have  discovered  the  method  of  demonstrating 
that  a  body  might  desoriho  an  ellipse  when  acted  upon  hy  a  force  re- 
siding in  the  focus,  and  varying  inversely  as  the  square  of  the  distance, 
in  1660,  upon  occasion  of  his  correspondence  with  Hooke.     In  1684, 

'  Eobison'fl  Mechanieal  PMhso^kg,  vol.  iii.  p.  91.    (Art.  135.) 

>  Biegraphie  VmserseUe.  '  Lihrary  of  Useful  Knowledge. 

=  Msloriml  Essay  on  &e  First  PuUkaUcm  of  (hi  Frmcipia  {1B88). 

»  Eobison,  ihid.  '  Zife  "fSewlfm,  vol,  i.  p.  393. 
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at  Halley's  i'ec[uest,  he  returned  to  tlie  subject;  and  in  February,  1665, 
there  was  inserted  in  the  Register  of  the  Eoyal  Society  a  paper  of 
Newton's  {Isaaei  Ifmtoni  Propositionea  de  Motu),  which  contained 
some  of  tbe  principal  propositions  of  tlie  fii'st  two  Books  of  the  Pi-in- 
cipia.  This  paper,  however,  does  not  contain  the  proposition  "Lunam 
gravitare  in  Terrain,"  nor  any  of  the  propositions  of  the  Third  Book. 


CHAPTER    III. 
The  Pribcipia. 

Sect.  2. — Receplwn  of  the  Frincipia. 

LORD  BROUGHAM  has  veiy  recently  {Anali/fical  Vhw  of  Sir 
Isaac  Newton's  Principia,  1855)  shown  a  strong  disposition  still 
to  maintain,  what  he  says  has  frec[uently  been  alleged,  that  the  recep- 
tion of  the  work  was  not,  even  in  this  country,  "  such  as  might  have 
been  expected."  He  says,  in  explanation  of  the  facta  whicli  I  have 
adduced,  showing  tke  high  estimation  in  which. Newton  was  held  im- 
mediately after  the  publication  of  the  Frincipia,  that  Newton's  previ. 
6ns  feme  was  great  by  former  discoveries.  This  is  true ;  but  the  effect 
of  this  was  precisely  what  was  most  honorable  to  Newton's  country- 
men, that  they  received  with  immediate  acclamations  this  new  and 
greater  discovery.  Lord  Brougham  adds,  "  after  its  appearance  tlie 
Priwcipa  was  more  admired  than  studied  ;"  which  is  probably  true 
of  the  Prindpia  still,  and  of  all  great  works  of  like  novelty  and  diffi- 
culty at  all  times.  '  But,  says  Lord  Brougham,  "there  is  no  getting 
.over  the  inference  on  this  head  which  arises  from  the  dates  of  the  two 
first  editions.  There  elapsed  an  interval  of  no  less  than  twenty-seven 
years  between  them ;  and  although  Ootes  [in  his  Preface]  speaks  of 
the  copies  having  become  scarce  and  in  very  great  demand  when  the 
second  edition  appeared  in  1113,  yet  had  this  urgent  demand  been  of 
jjiany  years'  continuance,  the  reprinting  could  never  have  been  so  long 
delayed."  But  Lord  Brougham  might  have  learnt  from  Sir  David 
Brewster's  Life  of  Newton  (vol.  i.  p.  312),  which  he  extols  so  emphat- 
ically, that  already  in  1691  (only  four  years  after  the  publication),  a 
copy  of  the  Frincipia  could  hardly  be  procured,  and  that  even  at  that 
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sltiun«is  11  oufennIUi  n  tliat  Newton  had 
Fr  en  la  to  imdf'rtike  it,  ind  hal  refused, 
id  inlncel  Newtoa  to  consent  that  a  new  edition 
should  be  printed,  he  annoiinc&s  h  s  sicclss  isith  fbnoiis  exultatioii  to 
Cotes,  who  was  to  siij  Lnntend  tlio  work  An  1  in  the  mean  time  the 
Astronomy  of  Da\  \  Gregory  published  u  1702  showed  in  every 
page  how  familiar  the  Newtonian  loctiiues  were  t>  Enghsh  philos- 
ophers, and  tended  to  make  them  moie  so,  is  the  sermons  of  Boiitley 
himself  had  done  in  1602 

ITewton's  Cambiidgc  contemj  niarips  weie  Tmong  those  who  took  a 
part  in  bringing  the  Pimci^ia  tefore  the  world  The  manuscript 
draft  of  it  was  conveyed  to  the  Eoval  Society  (^pril  38,  1686)  by  Dr. 
Vincent,  Fellow  of  Claie  H-ill  who  wis  the  tutjr  ot  Whiston,  Ifew- 
toa's  deputy  in  his  profeasorsh  p ,  and  he,  m  presenting  the  wort,  spoke 
of  the  novelty  and  dignity  ot  tha  sutject  Thoie  exists  in  the  hbrary 
of  the  University  of  Cambridge  a  manuscr  pt  containing  the  early 
Propositions  of  the  Pnmcyjjti  as  far  as  Prop  xx\i  i  (which  is  a  part 
of  Section  vii.,  about  Falling  Bo  lies)  fh  b  appears  to  have  been  a 
transcript  of  Kewton's  Lectures  del  vered  as  Lucasi in  Professor;  it  is 
dated  October,  1684 

Is  Gravitation  proportional  to  Quantity  of  Matter? 

It  was  a  portion  of  STewton's  assertion  in  his  great  discovery,  that 
all  the  bodies  of  the  universe  attract  each  other  with  forces  which  are 
as  the  quantity  qfmatteriu  each  :  that  is,  for  instance,  the  sun  attracts 
the  satellites  of  any  plauat  just  as  mneh  as  ha  attracts  the  planet  itself, 
in  proportion  to  the  quantity  of  matter  in  each  ;  and  the  planets  at- 
tract one  another  just  as  much  as  they  attract  the  sun,  according  to 
the  quantity  of  matter. 

To  prove  this  part  of  the  law  exactly  is  a  matter  which  requires  care- 
ful experiraonta ;  and  though  proved  experimentally  by  Kewton,  has 
been  considered  ia  our  time  worthy  of  re-examination  by  the  great  as- 
tronomer Bessel.  There  was  some  ground  for  doubt;  for  the  mass  of 
Jupiter,  as  deduced  from  tha  perturbations  of  Saturn,  was  only  -j^yu 
of  the  mass  of  the  sun  ;  tha  mass  of  the  same  planet  as  deduced  from 
the  perturbations  of  Juno  and  Pallas  was  j^-g  of  that  of  the  Snn.  If 
this  difterence  were  to  be  confirmed  by  accurate  observations  and  cal- 
culations, it  would  follow  that  the  attractive  power  exercised  by  Jupi- 
ter upon    the  minor  planets  was  greater  than  that  exercised  upon 
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SaturD.  And  in  the  same  way,  if  the  attraction  of  the  Eartti  had  any 
^ecific  relation  to  different  tinds  of  matter,  the  tirao  of  oscillation  of 
a  pendulum  of  equal  Jecgtb.  composed  wholly  or  ia  part  of  the  two 
substances  would  be  different.  If,  for  instance,  it  were  more  intense 
for  magnelazBd  iron  than  for  stone,  the  iron  pendulum  would  racillate 
more  quickly.  Bessel  showed'  that  it  was  possible  to  assume  Lypothet- 
ically  a  constitution  of  the  sun,  planets,  and  their  appendages,  such 
that  the  attraction  of  the  Sun  on  the  Planets  and  Satellites  should  be 
jjrop^ortional  to  the  quantity  of  matter  in  each ;  but  that  the  attraction 
of  the  Planets  on  one  another  would  not  be  on  the  same  scale. 

Newton  had  made  experiments  (described  in  the  Principia,  Book 
iii.,  Prop,  vi.)  by  which,  it  was  shown  that  there  could  be  no  consider- 
able or  palpable  amount  of  such  specific  difference  among  terrestrial 
bodies,  but  his  experiments  could  not  be  regarded  as  exact  enough  for 
the  requirements  of  modern  science.  Bessel  instituted  a  laborious  series 
of  experiments  (prasented  to  the  Berlin  Academy  in  1832)  which  com- 
pletely disproved  the  conjecture  of  such  a  difference;  every  substance 
esamined  having  given  exactly  the  same  coefficient  of  gravitating  in- 
tensity as  compared  with  inertia.  Among  the  substances  examined 
were  metallic  and  stony  masses  of  meteoric  origin,  which  might  be 
supposed,  if  any  bodies  could,  to  come  from  other  parts  of  the  solar 
system. 


CHAPTER  IV. 

THE  Newt  OKI  AR  Theory. 


Tables  of  the  Moon  and  Planets, 

TTTR  Newtonian  discovery  of  Universal  Gravitation,  so  remarkable 
in  other  respects,  is  also  remarkable  as  exemplifying  the  immense 
extent  to  which  the  verification  of  a  great  truth  may  be  carried,  the 
amount  of  human  labor  which  may  be  requisite  to  do  it  jnatice,  and 
the  striking  extension  of  human  knowledge  to  which  it  may  lead.  I 
have  said  that  it  is  remarked  as  a  beauty  in  the  first  fixation  of  a  tie- 
ory  that  its  measures  or  elements  are  established  by  means  of  a  few 
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data  ;  but  that  its  escellence  when  established  is  in  the  rnimher  of  ob- 
servations which  it  explains.  The  multiplicity  of  observations  wliich 
are  explained  by  astronomy,  and  which  arc  made  because  astronomy 
explains  them,  is  immense,  as  I  have  noted  in  tlie  text.  And  tlie  mul- 
titude of  observations  thus  made  is  employed  for  the  purpose  of  correct- 
ing the  first  adopted  elements  of  the  theory.  I  have  mentioned  some 
of  the  examples  of  ttis  process :  I  might  mention  many  others  Iq  order 
to  continue  the  history  of  this  part  of  Astronomy  np  to  the  present 
time.  But  I  will  notice  only  those  which  seem  to  me  the  most  re- 
markable. 

In  1812,  Biirckhardt's  Tables  de  la  Lune  were  published  by  the 
French  Bureau  des  Longitudes.  A  comparison  of  these  and  Burg's 
with  a  considerable  number  of  observations,  gave  e-lOOths  of  a  second 
as  the  mean  error  of  the  former  in  the  Moon's  longitude,  while  the 
mean  error  of  Burg's  was  18-lOOths.  The  preference  was  therefore  ac- 
corded to  Burcfebardt's. 

Yet  tLe  Lunar  Tables  were  still  as  much  as  thirty  seconds  wrong  in 
single  observations.  This  circumstance,  and  Laplace's  expressed  wish, 
induced  the  French  Academy  to  offer  a  prize  for  a  complete  and  pure- 
ly theoretical  determination  of  the  Lunar  path,  instead  of  determina- 
tions resting,  as  hitherto,  partly  upon  theory  and  partly  upon  observa- 
tions. In  1820,  two  prize  essays  appeared,  the  one  by  Damoiseau,  the 
other  by  Plana  and  Carlini.  And  some  years  afterwards  {in  1834,  and 
again  in  1828),  Damoiseau  published  Tables  de  la  Lune  formees  sur 
la  seule  Theorie  d^ Attraction.  These  agree  very  closely  with  observa- 
tion. That  we  may  form  some  notion  of  the  complexity  of  the  prob- 
lem, I  may  state  that  the  longitude  of  the  Moon  is  in  these  Tables 
affected  by  no  fewer  than  forty-seven  equations;  and  the  other  quan- 
tities which  determine  her  place  are  subject  to  inequalities  not  much 
less  in  number. 

Still  I  had  to  state  in  the  second  Edition,  published  in  1847,  that 
there  remained  an  unexplained  discordance  between  theory  and  obser- 
vation in  the  motions  of  the  Moon  ;  an  inequality  of  long  period  as  it 
seemed,  which  the  theory  did  not  give. 

A  careful  examination  of  a  long  series  of  the  best  observations  of 
the  Moon,  compared  throughout  with  the  theory  in  its  most  perfect 
form,  would  afford  the  means  both  of  correcting  the  numerical  elements 
of  the  theory,  and  of  detecting  the  nature,  and  perhaps  the  law,  of  any 
still  remaining  discrepancies.  Such  a  work,  however,  required  vast 
labor,  as  well  as  great  skill  and  profound  mathematical  knowledge. 
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Mr.  Airy  undertook  tlie  task ;  employing  for  that  purpose,  the  Obser- 
yations  of  the  Moon  made  at  Greenwich  from  IVSO  to  1830.  Above 
8000  observed  places  of  the  Moon  were  compared  with  theory  by  the 
computation  of  the  same  number  of  places,  each  separately  and  inde- 
pendently calcu]a,ted  from  Plana'a  Kormulffl.  A  body  of  calculators 
(sometimes  sixteen),  at  the  expense  of  the  British  Government,  was 
employed  for  about  eight  years  in  this  work.  When  we  talte  this  in 
conjunction  with  the  labor  which  the  observations  themselves  imply, 
it  may  servo  to  show  on  what  a  scale  the  verification  of  the  Newtonian 
theory  has  been  conducted.  The  first  results  of  this  labor  were  pub- 
lished in  two  quarto  volumes  ;  the  final  deductions  aa  to  correction  of 
elements,  &e.,  were  given  in  the  Memoirs  of  the  Astronomical  Society 
in  1848.' 

Even  while  the  calculations  were  going  on,  it  became  apparent  that 
there  wore  some  difi'erences  between  the  observed  places  of  the  Moon, 
and  the  theory  so  far  as  it  had  then  been  developed.  M.  Hansen,  an 
eminent  German  mathematician  who  had  devised  new  and  powerfal 
methods  for  the  mathematical  determination  of  the  results  of  the  law 
of  gravitation,  was  thus  led  to  explore  still  further  the  motions  of  the 
Moon  in  pursuance  of  this  law.  The  result  was  that  ho  found  there 
must  exist  two  lunar  inequalities,  hitherto  not  known ;  the  one  of  273, 
and  the  other  of  28B  yeai-s,  the  coefficients  of  which  are  respectively 
27  and  23  seconds.  Both  these  originate  in  the  attraction  of  Venus  ; 
one  of  them  being  connected  with  the  long  inequality  in  the  Solar  Ta- 
bles, of  which  Mr.  Airy  had  already  proved  the  existence,  as  stated  in 
Chap.  vi.  Sect.  6  of  this  Book. 

These  inequalities  fell  in-with  the  discrepancies  between  the  actual 
observations  and  the  previously  calculated  Tables,  which  Mr.  Airy  had 
discovered.  And  again,  shortly  afterwards,  M.  Hansen  found  that 
tl(ere  resulted  from  the  theory  two  other  now  equations  of  the  Moon  ; 
one  in  latitude  and  one  in  longitude,  agreeing  with  two  which  were 
found  by  Mr.  Airy  iu  deducing  from  the  ohaervations  the  correction  of 
the  elements  of  the  Lunar  Tables.  And  again,  a  little  later,  there  was 
detected  by  these  mathematicians  a  theoretical  correction  for  the  mo- 


■  ThB  total  expense  of  eompnters,  to  tlio  end  of  rending  the  proof-slieeta,  was 
4300Z. 

Mr.  Airy'a  estimiite  of  days'  works  [made  before  baginning],  for  the  heavy  part 
of  oaloalntiotis  only,  wbb  thirty-ais  years  of  one  computer.  This  was  somewhat  ex- 
aeeded,  hut  not  veiy  greatly,  in  that  part. 
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tion  of  th    W   I     f  tL    M  \  t  1  tly  w  Ih      e  whict 

tad  been  f      d  to    p[  tt      b         t 

ITothio  t  I    gly      h  b  t  th  finu  t  hicli  in- 

creased sc    t    7  b     g   t    1    tt  b  t  th    H"     t  tl      y  on  tbe 

one  hand       d  th        1    t  1  m  t  th      fh         "W    h       here  a 

very  larg   m        fthbtt         t  hhl  b       made, 

aystemali    lly       m      d  w  th    mm  11  1      th  th      ct  pur- 

pose of.c  t  g  t  ce  11  th  I  ni  t  t  th  L  T  bl  .  The 
correction     f  th      !  m    ts  th      d  1      d    mjly    t  co  me  error 

in  the  th    ry  as  p  ly  1      1  p  d      B  t    t  tl         m    t  me,  and 

with  the  II     1  t    m     t       th  hi    t       pi       th       bj    t  the  the- 

ory is  again  pressed  to  yield  its  most  complete  results,  by  the  invention 
of  new  aEd  powerful  mathematical  methods;  and  the  event  is,  that 
residual  errors  of  the  old  Tables,  several  in  number,  following  the  most 
diverse  laws,  occuiTing  in  several  detached  parts,  agree  with  the  residual 
results  of  the  Theory  thus  newly  extracted  from  it  And  thus  every 
additional  exactness  of  scrutiny  into  the  celestial  motions  on  the  one 
hand  and  the  Newtonian  theory  on  the  other,  has  ended,  "sooner  or 
later,  in  showing  the  exactness  ot  then  coinudence 

The  comparison  of  the  theory  with  obseri  ition  m  the  case  of  the 
motions  of  the  Planets,  the  motion  of  pa  h  being  disturbed  by  the 
attraction  of  all  the  others,  is  a  subject  m  some  respects  still  more 
complicated  and  laborious.  This  woik  also  was  undertaten  by  the 
same  indefatigable  astronomei ,  ind  here  ilso  his  mateiiils  belonged 
to  the  same  period  as  before ,  being  the  admirable  observations  made 
at  Greenwich  from  lT50  to  1830,  during  the  time  thit  Bridley,  Mis- 
kelyne,  and  Pond  were  the  Astronomers  Eoyal.'  These  Planetary  ob- 
servations were  deduced,  and  the  observed  places  were  compared  with 
the  tabular  places :  with  Lindenau's  Tables  of  Mercury,  Venus,  and 
Mars;  andwith  Eouvard's  Tatles  of  Jupitei,  Saturn  and  Uranus,  and 
thus,  while  the  received  theory  and  ita  elements  viere  confirmed  the 
means  of  testing  any  in  pr  ipment  whirh  raw  hpieatter  be  proposed 
either  in  the  form  of  the  theoretical  rp  ults  or  in  the  constint  elc 
nienta  which  they  ini olved,  wis  j  laced  w  thin  the  reach  ot  the  ostion 


'  Tho  obaervations  of  elan)  made  by  Eradlaj,  who  preceded  Mastelyne  atGreea- 
wioh,  had  already  been  discussed  Ijy  Bsssel,  a  great  Germaji  astronomer ;  and  the 
results  published  in  1818,  with  a  title  that  well  showed  the  estimation  in  which  ho 
held  those  materials :  Faadaiamla  Asii'onomts  j>n>  anno  1776,  ded-acia,  «b  Obsema^ 
iiBnUms  nin  incemparaiilii!  Jatrtes  BradUy  m  specula  Asironomka  Greiuniweiisl  per 
amnoa  1760-1782  in 
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omera  of  all  future  time.  The  work  appeared  in  1845  ;  the  expense 
of  the  compilations  and  the  publication  being  defrayed  by  the  British 
Government. 

This  Discovery  of  Neptune. 

The  theory  of  gravitation  ■was  destined  to  receive  a  confirmation 
more  striking  than  any  which  could  arise  from  any  explanation,  how- 
ever perfect,  given  by  the  motions  of  a  known  planet;  namely,  in  re- 
vealing the  existence  of  an  unknown  planet,  disclosed  to  astroDomers 
by  the  attraction  which  it  exerted  upon,  a  known  one.  The  story  of 
the  discovery  of  Neptune  by  the  calculations  of  Mr.  Adams  and  M.  Le 
Verrier  was  partly  told  in  the  former  edition  of  this  History.  I  had 
there  stated  (vol.  ii.  p.  306)  that  "  a  deviation  of  observation  from  the 
theory  occurs  at  the  very  extremity  of  the  solar  system,  and  that  its 
existence  appears  to  be  beyond  doubt.  Uranus  does  uot  conform  to 
the  Tables  calculated  for  him  on  the  theory  of  gravitation.  In  1821, 
Bouvard  said  in  the  Preface  to  the  Tables  of  this  Planet,  "the  forma- 
tion of  these  Tables  offers  to  us  this  alternative,  that  we  cannot  satisfy 
modern  observations  to  the  requisite  degree  of  precision  without  ma- 
king our  Tables  deviate  from  the  ancient  observations."  But  when  we 
have  done  this,  there  is  still  a  discordance  between  tlie  Tables  and  fbe 
more  modern  observatTons,  and  this  discordance  goes  on  increasing. 
At  present  the  Tables  make  the  Planet  come  upon  the  meridian  about 
eight  seconds  later  than  he  really  does.  This  discrepancy  has  turned 
the  thoughts  of  astronomers  to  the  effects  which  would  result  from  a 
planet  external  to  Uranus.  It  appears  that  the  observed  motion  would 
be  explained  by  applying  a  planet  at  twice  the  distance  of  Uranus  from 
the  Sun  to  exercise  a  disturbing  force,  and  it  is  found  that  the  present 
longitude  of  this  disturbing  body  must  be  about  325  degrees. 

I  added,  "M.  Le  Verrier  {^Comptes  Jtemdus,  Jan,  1,  1846)  and,  as  I 
am  informed  by  the  Astronomer  Eoyal,  Mr,  Adams,  of  St.  John's  Col- 
lege, Cambridge,  have  both  arrived  independently  at  this  result." 

To  this  Edition  I  added  a  Postscript,  dated  Nov.  1,  1846,  in  which 

"  The  planet  exterior  to  Uranus,  of  which  the  existence  was  inferred 
by  M.  Le  Verrier  and  Mr.  Adams  from  the  motions  of  Uranus  (vol.  ii. 
Note  (l.)  ),  has  since  been  discovered.  This  confirmation  of  calcula- 
tions founded  upon  the  doctrine  of  universal  gravitation,  may  be  looked 
upon,  as  the  most  remarkable  event  of  the  kind  since  the  return  of 
Halley's  comet  in  iVo?;  and  in  some  respects,  as  a  more  striking  event 
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even  than  tliat ;  inaamucli  as  the  new  planet  had.  never  beoa  seen  at 
all,  and  was  discovered  by  matkematicians  entirely  by  their  feeling  of 
its  influence,  which  they  porcoived  through  the  organ  of  mathematical 
calculation. 

"  There  can  be  no  doubt  that  to  M.  Le  Verrier  belongs  the  glory  of 
hftvjng  first  published  a  prediction  of  the  place  and  appeavance  of  the 
new  planet,  and  of  having  thus  occasioned  its  discovery  by  astronom- 
ical observers,  M.  Le  Terrier's  first  prediction  was  published  in  the 
Comptes  Sendus  de  VAcad.  des  Seknces,  for  June  1,  1846  (not  i/an.  1, 
as  erroneously  printed  in  my  Note).  A  subsequent  paper  on  the  sub- 
ject was  read  Aug.  31.  The  planet  was  seen  by  M.  Galle,  at  the  Ob- 
servatory of  Berlin,  on  September  23,  on  which  day  he  had  received 
an  express  application  from  M.  Le  Verrier,  recommending  him  to  en- 
deavor to  recognize  the  stranger  by  its  having  a  visible  dish.  Pro- 
fessor Challis,  at  the  Observatory  of  Cambridge,  was  looting  out  for 
the  new  planet  from  July  28,  and  saw  it  on  August  4,  and  again  on 
August  12,  but  without  recognizing  it,  iu  consequence  of  his  plan,  of 
not  comparing  his  observations  till  ho  hid  accumulated  a  greatei' 
number  of  them.  On  Sept  29,  having  leid  for  the  first  time  M.  Le 
Verrier's  second  paper,  he  ilteied  his  plan,  and  paid  attention  to  the 
physical  appearance  rathei  than  the  position  of  the  star.  On  that 
very  evening,  not  having  then  heard  of  M  Galle's  discovery,  he  sin- 
gled out  the  star  by  its  seemmg  to  have  a  disk. 

"M.  Le  Verrier's  mode  of  discussing  the  circumstances  of  Uranua's 
motion,  and  inferring  the  new  planet  from  these  circumstances,  is  in 
the  highest  degree  sagacious  and  masterly.  Justice  to  him  cannot 
require  that  the  contemporaneous,  though  unpublished,  labors  of  Mr. 
Adams,  of  St.  John's  College,  Cambridgo,  should  not  also  be  recorded. 
Mr.  Adams  made  his  first  calculations  to  account  for  the  anomalies  in 
the  motion  of  Uranus,  on  the  hypothesis  of  a  more  d'stant  planet,  in 
1843.  At  first  he  had  not  taken  into  account  the  earlii.r  (jreenw  oh 
observations;  but  these  were  supplied  ti  him  by  the  Astionomer 
Eoyal,  in  1844.  In  September,  184o  Mr  Adams  communicated  to 
Professor  Challis  values  of  the  elements  of  the  supposed  listurhmg 
body;  namely,  its  mean  distance,  moan  longitude  atagven  epoch 
longitude  of  perihelion,  ecoeutricity  of  orbit,  and  mass  In  the  next 
month,  he  communicated  to  the  Astr  nomer  Poyal  viIuls  of  the  same 
elements,  somewhat  corrected.  The  note  (l)  vol  ii^  of  the  present 
work  (2d  Ed,),  in  which  the  names  of  MM.  Lc  Verrier  and  Adams 
are  mentioned  in  conjunction,  was  in  the  press  in  August,  1846,  a 
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month  before  tliG  planet  was  seen.  As  I  havo  stated  in  tlie  text,  Mr. 
Adams  and  M.  Le  Verrier  asaigaed  to  the  unseen  planet  nearly  fie 
same  position ;  they  also  assigned  to  it  nearly  the  same  mass ;  namely, 
2^  times  the  mass  of  Uranus.  And  hence,  supposing  the  density  to 
be  not  greater  than  that  of  Uranus,  it  followed  that  the  visible  diame- 
ter would  bo  about  3",  an  apparent  magnitude  not  much  smaller  than 
Uranus  himself, 

"M.  Lo  Verrier  has  mentioned  for  the  new  planet  the  nrime  Neptu 
nus ;  and  probably,  deference  to  his  authority  as  its  discoverer,  will 
obtain  general  currency  for  this  name." 

Mr.  Airy  has  given  a  very  complete  history  of  the  circnmstances 
attending  the  discovery  of  ITeptnne,  in  the  Memoirs  of  the  Astronom 
ical  Society  (read  November  13,  18i6).  In  this  he  =hows  thit  the 
probability  of  some  disturbing  body  beyond  U'ranus  had  suggested 
itself  to  M.  A.  Bouvard  and  Mr.  Hiissey  as  early  as  1834.  Mr.  Airy 
himself  then  tKouglit  that  the  time  was  not  ripe  for  making  out  the 
nature  of  any  external  action  on  the  planets.  But  Mr.  Adams  soon 
afterwards  proceeded  to  work  at  the  problem.  As  early  as  1841  (aa 
he  himself  informs  me)  he  conjectured  the  existence  of  a  planet  exte- 
rior to  Uranus,  and  recorded  in  a  memorandum  his  design  of  examin- 
ing its  effect ;  but  deferred  the  calculations  till  he  had  completed  his 
preparatJons  for  the  University  examination  which  he  was  to  undergo 
in  January,  1843,  in  order  to  receive  the  Degree  of  Bachelor  of  Arts.. 
He  was  the  Senior  Wrangler  of  that  occasion,  and  soon  afterwards 
proceeded  to  cany  his  design  into  effect ;  applying  to  the  Astronomer 
Eoyal  for  recorded  observations  which  might  aid  him  in  his  task.  On 
one  of  the  last  days  of  October,  1846,  Mr.  Adams  went  to  the  Obser- 
vatory at  Greenwich ;  and  finding  the  Astronomer  Eoyal  abroad,  he 
left  there  a  paper  containing  the  elements  of  the  estra-Uranian  Plan- 
et ;  the  longitude  was  in  this  paper  stated  as  323^  degrees.  It  was,  as 
we  have  seen,  in  June,  1846,  that  M.  Le  Vcrrier's  Memoir  appeared, 
in  which  he  assigued  to  the  disturbing  body  a  longitude  of  32S  de- 
grees. The  coincidence  was  striking.  "  I  cannot  sufficiently  express," 
says  Mr.  Airy,  "  the  feeling  of  delight  and  satisfaction  which  I  received 
from  tlte  Memoir  of  M.  Le  Verrier."  This  feeling  communicated  itself 
to  others.  Sir  John  Herschel  said  in  September,  1846,  at  a  meeting 
of  the  British  Association  at  Southampton,  "  We  see  it  (the  probable 
new  planet)  as  Columbus  saw  America  from  the  shores  of  Spain,  ItB 
movements  have  been  felt,  trembling  along  the  far-reaching  line  of  our 
analysis,  with  a  certainty  hardly  inferior  to  that  of  ocular  demonstration." 
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la  truth,  at  the  moment  when  this  was  uttered,  the  new  Plauet  tad 
already  been  seen  hy  Professor  Challia ;  for,  as  we  have  said,  he  had 
seen  it  in  the  early  part  of  August.  He  had  included  it  in  the  net 
which  h.e  had  cast  among  the  stars  for  this  very  purpose ;  hut  employ- 
ing a  bIotv  and  cautious  process,  he  had  deferred  for  a  time  that  ex- 
amination of  his  capture  which  would  have  enabled  him  to  detect  the 
object  sought.  Aa  soon  as  he  received  M.  Le  Terrier's  paper  of 
August  31  on  September  29,  he  was  so  much  impressed  with  the  saga- 
city and  clearness  of  the  limitations  of  the  field  of  observation  there 
laid  down,  that  he  instantly  changed  hia  plan  of  observation,  and 
noted  the  planet,  as  an  object  having  a  visible  disk,  on  the  evening  of 
the  same  day. 

In  this  manner  the  theory  of  gravitation  predicted  and  produced  the 
discovery.  Thus  to  predict  unknown  facts  found  afterwards  to  be 
true,  is,  as  I  have  said,  a  confirmation  of  a  theory  which  in  impressive- 
ness  and  value  goes  beyond  any  explanation  of  known  facts.  It  is  a 
confirmation  wbich  has  only  occurred  a  few  times  in  the  history  of 
science ;  and  in  the  case  only  of  the  most  refined  and  complete  theo- 
I'ies,  such  as  those  of  Astronomy  and  Optics.  The  mathematical  skill 
which  was  requisite  in  order  to  arrive  at  such  a  discovery,  may  in  some 
measure  be  judged  of  by  the  account  which  we  have  had  to  give  of 
the  previous  mathematical  progress  of  the  theory  of,  gravitation.  It 
there  appeared  that  the  lives  of  many  of  the  most  acut«,  clear-sighted, 
and  laborious  of  mankind,  had  been  employed  for  generations  in  solv- 
ing the  problem.  Given  the  planetary  bodies,  to  find  their  mutual  per- 
turbations :  but  here  we  have  the  inverse  problem — Given  the  pertur- 
bations, to  find  the  planets.^ 

T}ie  Minor  Planets. 

The  discovery  of  the  Minor  Planets  which  revolve  between  the  or- 
bits of  Mars  and  Jupiter  was  not  a  consequence  or  confirmation  of  the 
Newtonian  theory.    That  theory  gives  no  reason  for  the  distance  of 


'  This  may  be  callad  tlio  initerse  problam  with  reference  to  the  older  aud  more 
ftmiliBT  problem  ;  but  we  may  remori  that  Che  usual  pliraseology  of  tha  Problem 
of  Centra]  Foroea  differs  from  tma  analogy.  In  Newton's  PrJnoipio,  the  earUer 
SeetiouB,  ia  which,  tbe  juotion  is  given  to  find  the  force,  are  spoken  of  na  eontain- 
ing  the  Dweet  Problem  of  Central  Forces  :  the  Eighth  Boot.ion  of  the  First  Book, 
whore  the  Force  is  given  to  find  the  orbit,  is  Epoken  of  aa  containing  the  laeeise 
Problem  of  Central  Forces. 
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the  Planets  from  tHe  Sun ;  nor  does  any  theory  yet  devised  give  such 
reason.  But  an  empirical  formula  proposed  by  the  Astronomer  Bode 
of  Berlin,  gives  a  law  of  these  distances  (Bode's  Law),  which,  to  make 
it  coherent,  requires  a  planet  between  Mars  and  Jupiter.  "With  such 
an  addition,  the  distance  of  Mercury,  Venus,  Earth,  Mars,  the  Missing 
Planet,  Jupiter,  Saturn,  and  Uranus,  are  nearly  as  the  numbers 

4,  7,  10,  16,  28,  52,  100,  106, 
in  which  the  excesses  of  each  number  above  tha  preceding  arc  the 

3,  3,  6,  12,  24,  48,  96. 
On  the  strength  of  this  law  the  Germans  wrote  on,  the  long-expected 
Planet,  and  formed  themselves  into  associations  for  the  discovery  of  it. 

Not  only  did  this  law  stimulate  the  inquiries  for  the  Missing  Planet, 
and  thus  lead  to  the  discovery  of  the  Minor  Planets,  but  it  had  also  a 
share  in  the  discovery  of  Keptune.  According  to  the  law,  a  planet 
beyond  Uranus  may  be  expected  to  be  at  the  distance  represented  by 
388,  Mr.  Adams  and  M,  Le  Verrier  both  of  them  began  by  assuming 
a  distance  of  nearly  this  magnitude  for  the  Planet  which  thoy  sought ; 
that  is,  a  distance  more  than  38  times  the  earth's  distance.  It  was 
found  afterwards  that  the  distance  of  Neptune  is  only  30  times  that  ot 
the  earth;  yet  the  assumption  was  of  essential  use  in  obtaining  the 
result :  and  Mr.  Airy  remarks  that  the  history  of  the  discovery  shows 
the  importance  of  using  any  received  theory  as  far  as  it  will  go,  even 
if  the  theory  can  claim  no  higher  merit  than  that  of  being  plausible.' 

The  discovery  of  Minor  Planets  in  a  certain  region  of  the  interval 
between  Mars  and  Jupiter  has  gone  on  to  such  an  extent,  that  their 
number  makes  them  assume  in  a  peculiar  manner  the  character  of 
representatives  of  a  Missing  Planet  At  first,  as  I  have  said  in  the 
text,  it  was  supposed  that  all  these  portions  must  pass  through  or  near 
a  common  node ;  this  opinion  being  founded  on  the  very  bold  doctrine, 
that  the  portions  must  at  one  time  have  been  united  in  one  Planet,  and 
must  then  have  separated.  At  this  node,  as  I  have  stated,  Olbers  lay 
ia  wait  for  them,  as  for  a  hostile  array  at  a  defile.  Ceres,  PaJlas,  and 
Jimo  had  been  discovered  in  this  way  in  the  period  from  1801  to 
1804 ;  and  Vesta  was  caught  in  1807.  For  a  time  the  chase  for  new 
planets  ia  this  region  seemed  to  have  exhausted  the  stock.  But  after 
thirty-eight  years,  to  the  astonishment  of  astronomers,  they  began  to 
be  again  detected  in  extraordinary  numbers.     In  1845,  M,  Hencke  of 

■'  Account  of  the  Discovery  of  Neptune,  &o.|  Mem.  Ast.  Soc,  vol.  xvi.  p.  414. 
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Driessen  discovered  a  fiftli  of  tliese  planets,  whicii  was  termed  Astrtea. 
In  varioua  quarters  the  chase  was  resumed  with  groat  ardor,  la  IBil 
were  foimd  Hebe,  Iris,  and  Flora;  in  1848,  Metis;  in  1849,  Hygsea; 
itt  1850,  Parthenopo,  Victoria,  and  Egeria;  in  18B1,  Irene  and  Euno- 
mia;  in  1852,  Psyche,  Thetis,  Melpomene,  Fortuna,  Massilia,  Lutetia, 
Caliiope.  To  these  we  have  now  (at  the  close  of  1856)  to  adAnineleen 
others ;  making  up  the  whole  number  of  these  Minor  Planets  at  pres- 
ent known  ix)  forty-two. 

As  their  enumeration  will  show,  the  ancient  practice  has  been  con- 
tinued of  giving  to  the  Planets  mytholo^cal  names.  And  for  a  time, 
till  the  numbers  became  too  great,  each  of  the  Minor  Planets  was  des- 
ignated in  astronomical  books  by  some  symbol  appropriate  to  the 
character  of  the  mythological  person ;  as  from  ancient  times  Mars  has 
been  denoted  by  a  mark  indicating  a  spear,  and  Venus  by  one  repre- 
senting a  looking-glass.  Thus,  when  a  Minor  Planet  was  discovered 
at  London  in  1851,  the  year  in  which  the  peace  of  the  world  was,  in 
a  manner,  celebrated  by  the  Great  Exhibition  of  the  Products  of  All 
Nations,  held  at  that  metropolis,  the  name  Irene  was  given  to  the  now 
star,  as  a  memorial  of  the  auspicious  time  of  its  discovery.  And  it 
was  agreed,  for  awhile,  that  its  symbol  should  be  a  dove  with  an  olive- 
branch.  But  the  vast  multitude  of  the  Minor  Planets,  as  discovery 
went  on,  made  any  mode  of  designation,  except  a  numerical  one,  prac- 
tically inconvenient.  They  are  now  denoted  by  a  small  circle  inclos- 
ing a  figure  in  the  order  of  their  discovery.  Thus,  Geres  is  1^,  Irene 
is  @,  and  Im  is  l^l- 

The  rapidity  with  which  these  discoveries  were  made  was  owing  in 
part  to  the  formation  of  star-maps,  in  which  all  known  fixed  stars  be- 
ing represented,  the  existence  of  a  new  and  movable  star  might  be  rec- 
ognized by  comparison  of  the  sky  with  the  map.  These  maps  were 
first  constructed  by  astronomers  of  different  countries  at  the  suggestion 
of  the  Academy  of  Berlin ;  but  they  have  since  been  greatly  extend- 
ed, and  now  include  much  smaller  stars  than  were  originally  laid  down. 

Iwdl  mention  the  number  of  planets  discovered  in  each  year.  After 
the  start  was  once  made,  by  Henoke's  discovery  of  Astrsea  in  1846, 
the  same  astronomer  discovered  Hebe  in  1847  ;  and  in  the  same  year 
Mr,  Hind,  of  London,  discovered  two  others,  Iris  and  Flora.  The  years 
1848  and  1849  each  supplied  one;  Uie  year  1860,  throe  ;  1851,  two; 
1852  was  marked  by  the  extraordinary  discovery  of  eight  new  mem- 
bers of  the  planetary  system.  The  year  1853  supplied  four;  1354, 
six ;  1855,  four ;  and  1866  has  already  given  us  five. 
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These  discoveries  liave  been  distributed  among  tlie  obsevvatories  of 
Europe.  The  briglit  sky  of  Waples  has  revealed  seven  new  phmets  fo 
the  telescope  of  Signor  Gasparis.  Marseilles  has  given  ua  oue  ;  Ger- 
many, four,  discovered  by  M.  Lather  at  Bilk;  I'aris  haa  furnished 
seven ;  and  Mr,  Hind,  in  Mr.  Bishop's  private  observatory  in  London, 
notwithstanding  our  turbid  skies,  kas  discovered  no  less  than  ten  plan- 
ets ;  and  there  also  Mr.  Marth  discovered  @)  Amphitrite.  Mr.  Gra- 
ham, at  the  private  observatory  of  Mr.  Cooper,  in  Ireland,  discovered 


America  has  supplied  its  planet,  namely  l@  Eupbrosyne 
by  Mr.  Ferguson  at  Washington  ;  and  the  most  recent  of  these  discov- 
eries is  that  by  Mr.  Pogson,  of  Oxford,  wko  has  found  tlie  forty  second 
of  tliese  Minor  Planets,  which  has  been  named  Isiu' 

I  may  add  thai,  it  appears  to  follow  from  tbe  best  calculitions  that 
the  total  mass  of  all  these  bodies  is  very  small  Herschi,!  reckoned 
the  diameters  of  Ceres  at  36,  and  of  Pallas  at  26  milev  It  h-i%  smi-e 
been  calculated^  that  some  of  them  are  smaller  still ;  Vietorn  having 
3  diameter  of  9  miles,  Lufetia  of  8,  and  Atalanta  of  little  moie  than  i. 
It  follows  from  this  that  the  whole  mass  would  probably  be  less  than 
the  sixth  part  of  our  moon.  Henc'e  their  perturbing  effects  on  each 
other  or  on  other  planete  are  null ;  but  they  are  not  the  less  disturbed 
by  the  action  of  the  other  planets,  and  especially  of  Jupiter. 

Anomalies  m  the  Action,  of  Oravitation. 

The  complete  and  exact  manner  in  which  the  doctrine  of  gravitation 
explains  the  motions  of  the  Comets  aa  well  as  of  the  Planets,  has  made 
aatronomera  very  bold  in  proposing  hypotheses  to  account  for  any  de- 
viations from  the  motion  -which  the  theory  reijuirea.  Thus  Encke's 
Comet  is  found  to  have  its  motion  accelerated  by  about  one-eighth  of 
a  day  in  every  revolution.  This  result  was  conceived  to  be  established 
by  former  observations,  and  is  confirmed  hj  the  facts  of  the  appearance 
of  1852.'  The  hypothesis  which  is  proposed  in  order  to  explain  this 
result  is,  that  the  Comet  moves  in  a  resisting  medium,  which  makes  it 
fall  inwards  from  its  path,  towards  the  Sun,  and  thus,  by  narrowing 
its  orbit,  diminishes  its  periodic  time.  On  the  other  hand,  M.  Le  Ver- 
rier  has  found  that  Mercui^'s  mean  motion  has  gone  on  diminishing ; 
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as  if  the  planet  were,  in  the  progress  of  his  revolutiona,  receding  far- 
ther from  the  Sun.  This  is  explained,  if  we  suppose  that  there  is,  in 
tie  region  of  Mercury,  a  resisting  medium  which  moves  round  the 
Siin  in  the  same  direction  as  the  Planets  move.  Evidence  of  a  kind 
of  nehulous  disk  surrounding  the  Sun,  and  extending  beyond  the  orbits 
of  Mercury  and  Venus,  appears  to  he  afforded  us  by  the  phenomenon 
ealleii  the  Zodiacal  Light;  and  as  the  Sun  itself  rotates  on  its  axis, 
it  is  most  probable  that  this  kind  of  atmosphere  rotates  also.'  On  the 
other  hand,  M,  Le  Verrier  conceives  that  the  Comets  which  now  re- 
volve witiiin  the  ordinary  planetary  limits  have  not  always  done  so, 
but  have  been  caught  and  detained  by  the  Planets  among  which  they 
move.  In  this  way  the  action  of  Jupiter  has  brought  the  Comets  of 
Faye  and  Vico  into  their  present  limited  orbits,  as  it  drew  the  Comet 
of  Lexell  out  of  its  known  orbit,  when  the  Comet  passed  over  the 
Planet  in  l'?79,  since  which  time  it  has  not  been  seen. 

Among  the  examples  of  the  boldness  with  which  astronomers  as- 
sume the  doctrine  of  gravitation  even  beyond  the  limits  of  the  solar 
system  to  ho  so  entirely  established,  that  hypotheses  may  and  must  be 
assumed  to  explain  any  apparent  irregularity  of  moiaou,  we  may  reck- 
on the  mode  of  accounting  for  certain  supposed  irregularities  in  the 
proper  motion  tf  Sirius,  which  has  been  proposed  by  Eessel,  and 
which  M.  Peters  thmks  is  proved  to  be  true  by  his  recent  researches 
(Astr.  H'ach  \sx\  p  219,  and  xxxii.  p.  1).  The  hypothesis  is,  that 
Sirins  has  a  companion  star,  dark,  and  therefore  invisible  to  us;  and 
that  the  two,  reiolving  round  their  common  centre  aa  the  system 
moves  on,  the  motion  ot  Sinus  is  seen  to  be  sometimes  quicker  and 


The  EartJUs  Detmty. 

"Cavendish's  experiment,"  as  it  is  commonly  called — then 
of  the  attractions  of  manageable  masses  by  the  torsion  balance,  in  or- 
der to  determine  the  density  of  the  Earth — has  been  repeated  recently 
by  Professor  Reich  at  Freiberg,  and  by  Mr.  Daily  in  England,  with 
great  attention  to  the  means  of  attaining  accuracy.  Professor  Eeich's 
result  for  the  density  of  the  Earth  is  6-44 ;  Mr.  Baily'a  is  5-92.  Cav- 
endish's result  was  5'48  ;  according  to  recent  revisions^  it  is  5'52. 

a  M.  Lb  Verrier,  AanaUs  de  VObs.  de  Ftais,  voL  i.  p.  B9. 

»  The  calaulation  has  heen  rovlsed  by  M.  Edwurd  Sohmidt.   Humboldt's  Kosmos, 
ii.  p.  4BS. 
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thus  lead  the  impressiou  by  any  path  to  any  distance,  and  increase  its 
force  ill  any  degi'ee,  has  led  to  this  combiDation,  and  almost  identifi- 
cation, of  observation  by  touch  with  its  record  by  galvanism. 

The  method  having  been  firet  used  by  Mr.  Bond  at  Cambridge,  in 
North  America,  has  been  adopted  elsewhere,  and  especially  at  Green- 
wich, where  it  is  used  for  all  the  instruments  ;  and  conseijuently  a  col- 
lection of  galvanic  batteries  is  thus  as  necessary  a  part  of  the  apparatus 
of  the  establishment  as  its  graduated  circles  sintl  arcs. 
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